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PREFACE. 

This book was undertaken originally as the introductory portion of a 
treatise on the metallurgy of zinc. Upon the completion of the latter, how- 
ever, it appeared advisable for various reasons to limit it to a consideration 
jof the purely technical questions involved in the extraction of zinc from 
its ores, or rather the concentrated products which are delivered by tlie 
miners for smelting. Although a knowledge of the physical and chemical 
•properties of the metal, the occurrence of its ores, and the conditions which 
affect the markets is of importance to the smelter, it is equally of impor- 
tance to the miner and trader. It was thought therefore that a collection 
iof the general commercial and technical data of the metal in a special 
treatise devoted solely to it would be useful to those who are engaged in the 
industry in the various ways, and with that in view the present book was 
prepared upon a considerable enlargement of the original plan. 

It has been the aim in this book to present a comprehensive review - the 
world^s resources of zinc ore, the conditions under which it is producea, the 
|concentration of the crude ore into a product suitable for smelting, and a 
'summary of the statistics of the industry from the earliest records down to 
tthe present time. The extent into which the subjects of ore supply and 
mechanical concentration of the crude ore have been entered into is due to 
their especial interest in this industry. There is perhaps no other impor- 
I ant branch of metallurgy in which the exieencies of the smelting process 
bapose such narrow limits as to the grade and character of the ore and 
inake the preliminary preparation of the ore a matter of such great concern 
las in the metallurgy of zinc. 

In concluding this preface, I desire to make acknowledgment to all who 
jliave aided me in the preparation of the book, and especially to llilr. E. C. 
iMoxham for notes as to zinc mining in Virginia, and Professor H. 0. 
'llofman for permission to reproduce illustrations from his valuable treatise 
on the Metallurgy of I^ead ; also to the American Metal Co. for its statistical 
publications, and the Robins Conveying Belt Co., the Wether ill Separating 
Co. and Mr. W. P. Cleveland for illustrations supplied by them. 
i» Walter Renton Ingalls. 

Lynn, Mass., Jiily^ 1902. 
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RODUCTION AND PROPERTIES OF ZINCJ 



HISTORY OF THE ZINC INDUSTRY. 

a seven common metals zinc waa the last to come into use in thr 
ll, uid its production on a commercial scale is, indeed, of comparatively 
Snt date. Nevertheless there is evidence, contrary to the general belief, 

it was knon'n by the ancients, since bracelets made of it have been found 
.the ruins of Cameros, which was destroyed 500 B. C However, this 
Bwledge, which may not have been more than local, seems to have been 
It subsequently, for though brass was in use at that time, or a little later, 
tone appears to have been aware of its exact character.' Aristotle in the 
urth century B. C. mentions this alloy under the name of Moaainoecian 
Jpper, which he describes as having been produced by melting copper with 
pecnliar earth found on the shores of the Biai'Jt Sea,' This ore waa called 
tSjifia, or oadmia, Ijj Dioscoridas and Pliny, tlie latter using the same 

■d to designate the crusts, consisting of impure oxide of zinc, which col- 
cted in the brass founders' furnaces.* Tiie alloy made with this material 
SE also known as aurichalcum. The alchemists of the middle ages were 
fiK of the effect of this earth upon copper, but came to no more exact 

flerstanding concerning it than was possessed by the Romans. 

The word zinc appears to have been first used by Basil Valentine, occur- 
Bg in his Cvrrua 7'riumpkaUs Aiitimimii and also in his Last Tesiament, 
ll he did not refer to it especially as a metal. That it waa known as such 
M first mentioned by Paracelsus (1493-1541), who said in his treatise on 
inerBls; "There is another metal called the zinken, which is unknown to 
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4 PIODCCTIOX AND PBOPEKTIES OF ZINC. 

in Dtlecarlia. by redociBg zinc oxide (obtained from blende) with coj 
but the process was too costly and was therefore abandoned.* In IT! 
Margraaf made further attempts, and finally Cronstedt and Rinmann p 
fected the procc«« of distillation p^ r ascensum. None of these early expc 
ments. however, seems to have been of mnch importance ; certainly none 
them led to the establishment of a permanent industry, which did : 
b^in until more than SO years after Henckel's discovery. 

The principle upon whidi the modem process of zinc smelting is based. 
rather the method of canying out that principle in practice, was discove 
in Silesia in 1799, or about that time. Contemporaneously a pract 
method of zinc smeking was devised and put in operation in Carintl 
A similar discovery was made accidentally and independently in Belgi 
in ISOo by the Abbe Dony. who does not appear to have been acquaii 
with the contemporary work of others in the same direction. The 
processes of zinc smelting, the Silesian and Belgian, in use at the pres 
time have been developed from those beginnings. Some features of 
former have been introduced in the latter, and vice versa, but there 1: 
been no revolutionary improvements in either, as in the metallnrgj 
copper and lead, and each remains essentially unchanged. Numerous 
tempts have been made by zinc metallurgists, notably by Miiller, Len< 
diez, Clerc, Thum, Kohler, and Hempel, to reduce the cost of produ< 
zinc by distilling in shaft furnaces instead of in the small retorts that 1 
been used for 100 years, but none of those experiments has led to 
desired end. because it has been impossible to prevent oxidation of the 
and the formation of zinc powder in comparatively large quantities, the: 
giving products which must be reworked in small retorts and lead to hij 
metallurgical losses. 

Belgitm. — Under the Dukes of Limbourg and of Burgundy, as wel 
under the Spanish dominion, the Vieille Montagne mines were someti 
leased to private parties — never for more than twelve years, however — 
sometimes were worked on government accoulkt, the last system being 
lowed particularly imder the Archduke Albert and later in the tim< 
Philippe R^, King of Spain. After the annexation of the Belgian provi 
to France, in IT 95, the Eepublican Government worked the Vieille \ 
tagne for the good of the nation, but under this regime the success of 
exploitation fell off, and the Imperial (government renounced it, ceding 
mine in 1806 to the Abbe Daniel Dony, a chemist of li^, "with the < 
gation of making experiments, which could be recognized as useful, to 

^Phillipe, Elements of Metallnrgy (18ai),p. 651. 



HISTORY OF THE ZINO INDUSTRY. •*> 

ite his ability to reduce, by the aid of proper furnaces, calamine to 
^the metallic state/^ 

The Soci^te de la Vieille Montagne, in a pamphlet entitled Ulndustrie 
du Zinc, presented at the Exposition Universelle de 1889, at Paris, from 
which the foregoing details concerning the history of the zinc deposits of 
Mpresnet have been taken, states that the Emperor thus ordered Dony, in 
a manner, to discover a method of winning zinc, and Dony obeyed and dis- 
covered it, although such discoveries are rarely made by decree. The prob- 
ability is, however, that Dony, who had been experimenting on the subject 
since 1780, expressed to the government his ability to produce zinc, and 
asked for the concession of the mines, which was granted on the condition 
tliat he should prove his statements. 

Dony's success was finally achieved accidentally, after a long series of 
disappointing results. The story of the actual discovery is classical. When 
endeavoring to extract zinc from calamine by fusion in a reverberatory fur- 
nace it occurred to him that the heat applied was not sufficiently high, and 
he added coal dust to the mineral to attain a greater temperature. In order 
to observe what took place in the interior of his furnace, he built an ordi- 
nary flower-pot into one side to serve as a peep-hole through which he could 
look. The furnace having been charged and the firing begun, drops of 
zinc were observed to condense on the inside of the fiower-pot, which was 
cooler than the furnace itself, and the method of extracting the metal by 
distillation was thus discovered. 

Dony's experiments were carried out in a little workshop in the Faubourg 
St. Leonard at Liege, where he subsequently built furnaces and commenced 
the production of zinc on a commercial scale. There was no use then, how- 
ever, for the new metal, with which the public was unfamiliar, and it was 
necessary to raise it to the rank of the needful commodities. This task was 
beyond the power of one man alone, and Dony, having ruined himself, died 
without having accomplished it. 

Dominique Mosselman, a man of vast energy, took up Dony's work in 
1818, devoting his life to perfecting the process for making zinc and to 
establishing a market for it, but nevertheless at his death, in 1837, the in- 
dustry could scarcely be said to exist in the west of Europe except in expec- 
tation.^ In order to settle his estate, Mosselman's children founded the So- 
ddbk de la Vieille Montague, with a capital of 7,000,000 fr., divided into 7,000 
shares of 1,000 fr. each, and since that time (1837) said company has been 
the leading zinc producer of Europe. 

^ These facts are matters of record, but development which the zinc industry in 
the sitaation seems strange in view of the Silesia had already attained at that time. 



I'TIUDUCTIOX A.VD I'ROPKItTl hS OF ZINC. 

Tlie property of the Vioille Slontagne Company, at the time of its oi 
ization, consisted of the calamine mine in Moreanet, the St. L.eonarcl sa 
works at Li6ge, two small rolling mills at Horn and Houi, in France, a 
a new smelting works at Angleur, on the river Ourthe, a branch of i 
Meuse, which was then in course of construction. A few months later D 
company bought the rolling mills at Bray, in France, and at Tilff, in B 
gium. For nearly 10 years the company had a hard struggle, but ai 
1846, in which year the direction of its business was intrusted to M. 
Paul de Singay, who continued to manage it until 1990,' there was a ts\ 
advance in its affairs. The Societe Anonyme des Mines et Fonderiea 
Zinc et de Plorab de la Kouvelle Montagne establislied works at Engia, 
18i5, and other companies engaged in the industry at about the 

Carikthia.^ — Zinc smelting was begun at an early date in this di 
of Austria., and by a method of distinct character, the inception of t 
process and its application heing due to Bergrath Dillinger, of Klagenfl 
His first furnace was built in 1799 at Dollaeh, near Gross Kirchheim, 
the Mollthale; according to some authorities this 

for the distillation of zinc in use on the Continent of Europe." In li 
Dillinger was appointed "director of all the zinc works of Austria," kdA 
1801 he erected a second plant, at Delach in the Drauthale. Di! 
furnace, which was wood-fired, comprised 135 vertical retorts, 4-5 ini 
diameter at the bottom and 3-5 in. at the top (inside measurements) i 
40 in. long. Only 84 of the retorts were charged with ore, each one 
ceiving from 5 to 6 lb. 

Metallurgical literature contains but few references to these early CarilA 
thian zinc works and their history is uncertain. The plant at Delach wif 
described by Hollunder, in his Tagebuch einer metallurgischen Reise, [h^ 
lished at Xiimberg in 1834 ; a full abstract of his description is to fit 
found in Percy's Meiallurgy. The distillation in the small vertical reton 
was very expensive and the loss of metal was hi^. Operations at DoUbA 
and Delach appear to have been discontinued in the early part of the nine' 
teenth centuri-. The employment of a modified form of the Carinthitt 
furnace was proposed about 1880 by various metallurgists, among otIn(| 
by Binon and Grandfils and by Chcnhall, but their projects did not advoBlC 
beyond the experimental stage, and subsequent improvements in the pxefB. 

' ni- was thpn micceedpfl by hia son, M. Rome ot the other line Bmeltfrles of M> 
OBBton St. Paul de SlncaT. who Is Ih? pm- glum atf as followB : Ousr^e, IS.tO; PM- 
cnt •dminlBtretor-graeral of (he coojpBnr, 

'The Valentln-Copq and FlUne worka n 
the SoclUt^ Anonyme de la Vlellle Mon 
tagne were built Id 18.11 and ISSS reapei 
tiTely. Thp dfitp? of the psrahllBhinpnt n 



IF TUK ZIXU 1MJC6TBV. 

if the Belgian process laiabled the disitilliilioa of aro« hi^ in 1< 
vu the chief advantage the use oC vertical retorts waa conceiv 
It. 

[AT Bkitaik. — The first zinc smelting works in England were b 
■0' by John Champion, to whom reference has previously been mi 
iployed the large pots, characteristic of the so-called English proci 
1 survived until about 1860), wherein the vapor is conducted dowi 
through a pipe extending from the bottom of the pot. The fi 
at Swansea, which is now the chief center o£ the British zinc indi 
as established by the Vivians in 1835.' The early English furnaces 
^dually into disuse, being replaced by furnaces of the Silesian type, 
have in late years been to a large extent displaced in turn by Belgian 

isiA. — The history of the Sitesian zinc industry is similar to that oi 
Igian. It began a few years earlier, however, and once having l>ecn 

grew more rapidly and more regularly, so that it seems strange that 
did not borrow more from the experience of the Silesian metal- 
e. The existence of the great deposits of calamine in the neighbor- 
f Beuthcn, in Upper Silesia, was known in the sixteenth century, and 
; that time the ore was used for the manufacture of brass by cementa- 
The zinc mining industry began to assume important proportions 
I Province in the eighteenth century, when Grarg von Gieschc, a 
knt of Breslau, received from the Emperor Ijcopold (Nov. 22, 1704) 
vilege of exploiting the zJnc deposits of the Beuthon domain and the 
if selling the ore outside of Silesia, which grant was prolonged until 
ty agreement with the Counts Henckel, the great landlords of the 
[. Toward the end of the century the industry increased largely in 
the production averaging 10,000 centners of calcined calamine 

r between irSO and 1792 and rising to 18,000 centners in iros." 

■t of production was very small, and the selling price of the mineral 
iQut four marks per centner. The calamine was at first calcined In 
caps, but subsequently calcining furnaces, designed after the form of 

ovens and fired with stone-coal, were introduced. 

zinc industry of TTpper Silesia was revolutionized at the beginning 

nineteenth century, when the manufacture of spelter was begun. 
is due to the Kammerassessor Johann Ruhberg of Plcss, who learned 

in England (where zinc smelting was then being carried on by the 

■ulhorititB iiSfT as to tbs date. of the economic and t^cliDleal conditlnns of 

c Borgnct. ReTue rnlverseile dea tbe Welsh ilnc Industry at that time. 

Ol. II, November and December, 'The centners referri 

tte paper contains complete data arc the Gcrmao ceutnect 
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PRODUCTION AND PROPERTIES OF ZINC. 



English process of distillation downward) and brought the secret to UppJl 
Silesia. It is incomprehensible indeed that 10 years later there sbouU] 
have been no knowledge in Belgium of what was being done in this brand I 
of metallurgy in England, the two countries being separated by onlyi' 
narrow strip of water, while the news had previously penetrated eastwards 
the Polish frontier. Ruhberg constructed the first zinc furnace in Upper 
Silesia, in the neighborhood of Wessola, utilizing for this purpose the pob 
in a wood-fired glass-furnace, and it is noteworthy that the Silesian zioe 
furnace, in contradistinction to the Belgian, preserves to this day traces of 
the glass-furnaces from which it originated.^ 

After Ruhberg^s first experiments others were taken up at the Koenig* 
lichen Friedrichs-Bleihiitte and later at the Koenigs-Eisenhiitte. Ii 
those experiments the round form of the Wessola glass-fumaee 
was still preserved, but more practical retorts for reduction of 
the ore were adopted, long half cylinders being substituted for 
the original glass-pots. The experiments with the improved retorts gate 
such favorable results that the erection of larger zinc works at Koenigshutte 
was soon undertaken. These works, the Lydogniahiitte, came into open- 
tion in 1809, and on December 16 of the same year the Bergwerksgesell* 
schaft Georg von Giesche's Erben put in operation. a zinc furnace with four 
muffles at its calcining works at Scharley, the success of which led to ftc 
establishment of the Siegismundhtitte, with 10 furnaces, at the same place 
in the following year. In 1813 the Konkordiahiitte, also situated at Scha^ 
ley, was built by the same company. The production of the two works of 
Giesche^s Erben from 1811 to 1814, in spite of the war which was fbsa 
raging throughout Europe, amounted to 6,279 centners of spelter. Sevenl 
other small zinc works had also been established in Upper Silesia in the 
meanwhile, and the increasing production caused a heavy fall in the price 
of the metal. The consumption of coal in 1815 was from four to five ixm 
per ton of calamine, and the success of the zinc works situated near the 
zinc mines and remote from the coal, or otherwise unfavorably located, iwb 
checked by the cost and difficulty of procuring fuel. This led to the estab- 
lishment of new zinc works near the collieries, the Giesche's Erben firrt 
building the Georgshiitte, near the Fanny coal mine at Michalkowitz, in 
1818. These works had eight furnaces of eight muffles each, and produoed 
2,638 centners of zinc in 1818 at a cost of 13-5 marks per centner. The 

* The precise date of Ruhberg's first fur- zinc smeltery on the Continent belonci t9 

nace at Wessola is uncertain ; some au- Ruhberg or to Dil linger. The probtWItty . 

thorities say 1798; others 1799; and appears to be, however, that DiUinger «•• 

others 1800. It is doubtful therefore the earlier, 
whether the credit of establishing the first 
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two works at Scharley were then closed down. In 1822 the O(»org?hutt<» 
was increased by the erection of eight new furnaces, each with 10 muffler, 
while two muffles per furnace were added to those previously in use. The 
production of these works then rose to 8,571 centners and the cost of pro- 
duction was reduced to eight marks per centner.^ 

The number of zinc works in Upper Silesia increased very rapidly after 
1815; besides the Georgshiitte, the Hugo and Liebehoffnung works wore 
built at Neudorf in 1818 and 1820 respectively, while the Clarahiitte was 
put in operation in 1822 and the construction of the Davidhiitte at Chropac- 
zow, with five double furnaces of 20 muffles each, was begun in 1825. The 
Davidhiitte was the forerunner of the present great works at Lipine. The 
total production of spelter in Upper Silesia in 1825 amounted to more than 
200,000 centners and largely exceeded the consumption at that time. Con- 
sequently the price of zinc fell to 9@12 marks per centner, and many of 
the zinc works, whose supply of ore was not assured, were closed down.' 

The normal Silesian furnace as installed at the Lydogniahiitte, Georgs- 
hiitte, Davidhiitte and Liebehoffnungshiitte previous to 1820 retained the 
dome-shape arch of the glass-furnaces and had a plane-grate upward of 
6 ft. in length, extending in its longer direction, which divided it into two 
equal parts. On each side of the grate there were arranged five muffles, 
about 4 ft. in length and 12 to 15 in. in width and height, inside measure- 
ments. The walls of the muffles were much thicker than nowadavs, and 
because of that and the great width of the muffles a fair extraction of zinc 
was attained only by means of an immoderate consumption of fuel. The first 
important improvement was made in the ^20's, at the Georgshiitte, by the 
Hiittenmeister Knaut, who reduced the width of the muffles more than 
half and set two in each opening in the sides of the furnace. This inno- 
vation was found so advantageous that it was quickly adopted by all of the 
other smelters. At each corner of the furnace there was a low chimney, 
through which the gases of combustion were directly discharged. In the 
Wilhelminehiitte, built in 1834, furnaces with 20 muffles wore installed 
and the number of muffles was gradually increased, but the type of furnace 
remained essentially the same until the ^608, when the furnaces designed by 

^In 1874 the coet of smelting (not includ- spelter was 10-19 and 10*45 marks respect- 
ing general expense) at the Pauls- and WU- ively, making the total cost of production 
helmtaiehfltten was 7*01 marks per centner 18*10 and 16-42 marks. 
of 50 kg. tai the case of 24-mufl9e "nnter- * These data concerning the development 
wIndOfen** and 5*97 marks In the case of 56- of the zinc Industry In Upper Silesia are 
muffle Siemens regenerative furnaces (Max drawn mostly from the excellent book by 
Georgl, Berg-n. Hflttenm. Ztg., March 0, Doctor H. Voltz, Die Berjfwerks- und Hflt- 
1877, et seq.)- These results were obtained tenverwaltungen des Oberschleslschen In- 
with ore yielding 11*17% and 11*39% Zn dustrle-Bezirks. 
TCspeetlTely. The ore cost per centner of 
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Thometzek and otliore, baving a contra! chimney and down draught method 
of heating (imitating the type of furnace installed at Valentin-Cocq, Bel- 
gium) came into use. The form of the grate was modified bo as to permit 
of the satisfactory comhustion of the small sizes of coal, and the method 
of firing with an undergrate blast (I'nterrindbfen) was introduced. The 
first Siemens furnace was erected at tJie Wilhelniinehiitte in 1869. The old 
Silesian furnaces were provided with the knee-form, or drop-zinc con- 
densers; these remained in use at the Bobrekhiitte as late as 1877. The 
metallurgical progress in Upper Silesia previous to 1860-1870 was appar- 
ently very slow indeed. 

Of the great zinc producers of Silesia at the present time the Giesch^t 
Erben engaged in the industry in 1809, as above described; the Counb 
Henckcl von Donnersmarek in 1818; tlie Schlesische Actiengcsellsehaft fiir 
Bergbau und Zinkhiittenbetrieb in 1853, taking over works previously in 
operation, of which the Davidhiitte, built in 1835, was the first establiBh- 
ment ; while the great works of the Herzog von Ujest, the Hohenlohehiitte, 
were not built until 1871. 

The technical development of the zinc industry in Upper Silesia is out- 
lined in the history of the Wilhelmine works of the Bergwerkagesellschaft 
Georg, von Giesche's Ii)rben. Those works were built at Schoppinitz in. 
1834. According to the old records of the company the calamine which 
was smelted in the early years of their operation assayed from 40 to 45% 
Zn and yielded about 30% of metal ; i.e., out of 400 to 450 kg. of zinc in the 
ore about 300 kg. were got as spelter, which is approximately as good metal 
lurgical work as is done with modern furnaces, fitted with much better 
retorts than wore formerly obtainable and heated to a much higher temper- 
ature. 

The explanation of this apparently good work is that in former t 
the miners were accustomed to give legitimately an overweight of 10% 
and the smelters not infrequently obtained illegitimately an overweight of 
as much as 20%. If allowance be made for such errors in the data it wonld 
appear that the old Silesian smelters used to experience a loss of 33% of 
the zinc contents of the ore which they smelted. Considering the con- 
ditions under which they worked even such a loss was not an excessive one 
and the fair extraction of metal was due no doubt to the high grade ftiid 
docile character of the ore which was available to tbem. The calamines of 
that day probably gave an actual yield of about S7% Zn. The calamint 
which is smelted now assays about 13% Zn and gives a yield of about 10%,' 
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rhe value of the calaiuine prodncod in Upper Sileoia was alw 

Iwe dependent upon tlio price of spelter, but formiTly it was not mad) 

conespond therewith so closelv as now, and the difference between tbt 

o! zinc in the ore and zinc in pige was generally greater. The ore whirli i« 

smelted at present was formerly cast aside as worthless, because of its I'lW 

grade. 

In the period about 1835 the consumption of coal in smelting ainounKHl 
to 250-2TO kg. per 100 kg. of ore, according to the records of that date, 
but taking into consideration the 20% overweight in ore referred to above, 
the actual consumption of coal was probably about 2-2 times the weight of 
Ihe ore. This ratio of coal consumption was not reduced to epcak of until 
the introduction of the Siemens furnace. The coal employed in 1835 con- 
sisted of about 80% lump coal and 20% slack; the latter was sifted before 
ase and the dust thrown away. The lump eoal cost 17-5 pfennigs per 
^|mtner ; the slack cost six pfennigs. Notwithstanding the low cost of each 
bthose kinds per se at that time, the average cost was higher than that of 
He coal used at the present time. On the other hand the cost of the cinder 
Employed as reduction material is now higher than formerly. It was esti- 
mated in 1883 that the average cost of heating and reduction coal was five 
pfennigs per centner higher than in 1835. In 1835, in smelting 100 cent- 
ners of calamine about 225 centners of coal costing 41 marks were used ; in 
1883 only 130 centners of coal and cinder, costing 23 marks. An equally 
striking economy in the consumption of coal per centner of zinc produced 
rims not been attained, on account of the increased poverty of the ore, as n 
mlt of which eight centners of eoal and cinder, costing 1-C marks, were 
quired per centner of zinc in 1883, whereas in 1835 the consumption of 
1 per centner of zinc was only seven centners, costing 1-3 marks. 
The cost of labor in smelting in Upper Silesia has also increased. In 
JBO wages amounted to 19 marks per 100 centners of calamine; in 1883 
6y had risen to 26 marks, and that in spite of the introduction of labor- 
Sing improvements. A smelter who was formerly paid one mark per 
t got from 3-2 to 3-5 marks in 1883; stokers who received formerly 75 
s were paid 50 years later from 2-25 to 2-5 marks ; while the wages 
helpers increased from 50 pfennigs to 1 or 1-5 marks. In 1835 the cost 
' labor per centner of zinc was hut little over 0-60 mark ; in 1883 it was 
irly three times as much. The cost of refractory material increased as 
dl; and also the cost of furnace repairs, partly because of the greater cost 
! refractory material and partly because of the greater complexity of the 
Bproved furnaces. On the other hand the lower cost of ironwork was 
I eome extent an offset in that item. Taking into consideration the cost of 
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f material and labor and tin- consumption thereof, tlie expense of amdfl 
I 100 centners of calamine was about 11% higher in 1983 than in 1835, lA 
L the cost per centner of zinc was nearly double. The conditiona im 
I existed in 1'pper Siletiia in 18t<3 were substantially the fame as atfl 
I present time, but if anything, the cost of coal is now dearer than it ^ 
[ then, and labor also is somewhat liigher. I 

f The price of zinc since the metal first became of industrial importin 
lias been subject to curious fluctuations. Unlike most of the other met 
I of whieli the value has gradually decreased with improved methods of M 
ning, that of zinc is now but little below the rate of previous years, sni 
actually higher than the general market price during the first two deOM 
of the commercial history of Ihe metal. This remarkable circumstanCB 
due to the slight demand at first for the new and but little known metal, I 
the fact that the cost of production in Silesia 80 yearsago was loss U 
at present, the increase in the wages of labor and the cost of ore and q 
Bince 1814 having more than kept pace with the saving effected by new I 
improved mining and metallurgical methoda. Previous to 1814 the prici) 
Kinc in Upper Silesia appears to have been generally over JO marks' per Sft.^ 
($150 per ton), but upon the rapid development of the industry in li 
year there was a falling off, so that in 1814 the price was 21 marksj 
centner ($105 per ton), 20 marks ($100) in 1815, and in 1817 and^ 
only 16 marks ($80). In 1820 the price fell further to 10-5 9 
($53*50), which was lower than the average cost of production at tha^| 
wherefore arose the first crisis in the zinc industry, many of the^| 
estabhshcd works being obliged to close. ^M 

K Until 1820 the chief market for Silesian zinc was in Asia, whitherfl 
shipped through Russia ; in 1831 exportations to British India were Ifl 
and soon grew to such an extent that the Chinese zinc was driven t^ 
that market. Thi.'! circumstance, together with the restricted prodn 
and the erection of the first rolling mills at Malapane, Friedrichshiitte, S 
Eybnik, thus affording a new liome market for spelter, sent the price for the 
metal up to 32 marks ($160) at the beginning of 1823 ; but this led to sueh 
a great iBcrease in the m^ke that the demand was quickly outstripped, an4 
a second crisis in the industry resulted, which lasted from 1836 to 1830i 
At times it was impossible to sell zinc at all, and only the most favorably 
situated works could keep in operation, the production of the Province fall- 
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i more than one half its former maximam. The lowest point i 
d in 1829, when spfUor was quoted ut niin; murks ($^15) nt Itri'^Uu.fl 
1 1830 tlio Sileaian zinc industry began to develop on a sounder 
giricG for the metal remained low during the ni-xt 10 jvarp. hut salrs 
B more regular and gradually the demand began again to uxwiil the 
action, in consequence of which prices ruled high from 1810 to 1848, 
pig frotiL IG to 36 marks ($80@$130). The political diHturhgnccH at 
f-lSbO then gave the industry a setback, which laeted tinlil 18SS, prices 
jng from 11 to 13-o(l marks (*54[ff«67-50), huf from lliat time until 
■ there was a steady period of prosperity, which was only internipted by 
lancifll crises of 1858 and 187:!, and the ware of 1866 and 1870-1871. 
i^exhaitstion of some of the important deposits of calamine (especially 
■tTiO Scharlev and Marie mines) in 1870 led to a decrease in production, ami 
ati increase in price owing to ihe higher cost of ore; but by the end of the 
ikcade all the works were equipped with roasting plants for the treatment of 
tht' blende, which had first begun to he exploited in 1870. The supply of 
tlie sulphide ore being large, the value of zinc in the five years following 
1S78 averaged five marks, or 25%. below that of the 10 years preceding 
1S78, and in 1883 was lower than it had been for ItO years. The aver- 
age price of Sileeian zinc per centner and per ton at Breslau by decades 
smce 1830 was as follows: 1830-1840. 13-04 mark*) {$(i5-20) ; 1840-1850. 
18-17 mark^ ($90-85): 1850-1800, 1842 marks ($9S-10) ; 18G0-1870. 
,18-32 marks {$91-00); 1870-1880, 20-15 marks ($100-75).' The history 
of spelter since 1880 is summarized in Chapter TV. 

TTxiTED States. — Zinc was first made in the United States about 1838, 
at the Government Arsenal in Washington, from the red zinc ore of New 
Jersey, for the brass designs of the standard weight.a and measures ordered 
by Congress. The process was so expensive, however, as to preclude any 
idea of producing zinc conunercially in the same manner. The regular 
manufacture of zinc was first undertaken in 1850 at Newark, N. J., by 
Richard Jones, the ore being charged into Belgian retorts just as it came 
from the mine. The experiment proved a failure owing to excessive break- 
age of the retorts due to the high tenor of the ore in iron and manganese. 
Attention was then directed to recovery of the zinc as oxide, and a furnace 
const moted ■of fire brick with a large clay muffle was designed, wlitch with- 
stood tiie corrosion better than the Belgian retorts. A row of tliese was 
erected in connection with a mnslin bag apparatus (invented bv Samuel T. 
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Jones) to collect llie fiuiie, and the regular manufacture of zi 
begun. In 1S51 Samuel Wetherill, one of the officers of the New 
Zinc Co., invented the process, eince known aK the Wetherill pn 
which the extraneoualy heated muffle was done away with. The ore 
with anthracite coal was thrown in a layer 3 to 4 in. thick upon a 
composed of perforated cast-iron plates, 1 in. thick; the door waa 
and cold air blown under the grate, which passing through the 
raised the temperature to such a point that the ore in contact 
carbon was reduced to metallic zinc, vaporized and oxidized, passingi 
a white smoke to the collecting apparatus, where the products of 
tion strained through the muslin, leaving the oxide inside the bag3.i 
proccee proved so successful that it was introduced immediately 
remained in use without essential change up to the present time. 
scription of the first works and mines was given in Whitney's 
Wealth of the United States, published in 1854. 

Attempts to produce spelter were not given up, however, and in 
experiments with a Silesian furnace were made at Bethlehem, Penn., by tltt 
Lehigh Zinc Co. They proved unsuccessful, neither the anthracite fuel 
the retort clay being apparentiy adapted to the purpose. In 1857 Mei 
Matthiessen and Hegeler, wlio had just come to the United States from &A 
echool of mines at Freiberg, Saxony, obtained permisBion from the 
pany to experiment on their own account at the abandoned plant. They 
did it on a small scale, iising one muffle placed in a kiln altered for the pni^ 
pose. They demonstrated that anthracite, as well as New Jersey clay, could 
be used, and made some spelter in this experimental way, but failed to come 
to an agreement with the owners of the propei ty for building works, largely 
on account of the financial crisis prevailing at that time. They then turned 
their attention to the West, where they studied the zinc deposits of Wiscon- 
sin, and late in 1858 began the erection of the present works at Lasalle. 
Lasalle was selected as the point where the Ilhnois coal field approached 
nearest to the Wisconsin zinc mince. The Joplin mines were unknown at 
that time.' 

In the meanwhile experiments were still carried on in New Jersey and 
Pennsylvania by Samuel Wetherill. Joseph Wharton and others, who in- 
vented furnaces of various types, but the several undertakings failed, and 
after all the Lehigh Zinc Co. returned to the Belgian furnace and in 
erected works at Bethlehem, Penn. After that date works were built at 
Newark, Jersey City, and Bergen Point, N, J., and at Fried ensville, Penn, 

• The Bfst line works In the Weal ai'e aaitl lo have been bnlli In the 'GOB. li 
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In Missouri zinc was not made until 1867, when small works were erected 
at Potosi, in Washington Coimty. The Carondelet works were built in 
1869. These works were supplied with calamine mined in Southeastern 
Missouri. The mines of the Joplin district became productive in 1873, 
their ores being shipped first to the Illinois Zinc Co. at Peru, 111. A little 
later zinc works were built at Weir and Pittsburg, Kan., Robert Lanyon, 
who had been engaged previously in zinc smelting at Lasalle, being one of 
the pioneers in Kansas. 

The zinc industry in the United States has been characterized by rapid 
development in respect to production. The technical and economical devel- 
opment has been slow on the other hand, and up to a few years ago the 
same type of distillation furnace was in use as at the time of the inception 
of the industry in this country. The Wetherill process for the manufacture 
of zinc oxide directly from ores is the most important contribution that has 
been made by American engineers to the metallurgy of zinc. Apart from 
that the most distinctive feature in American practice has been the success- 
ful application of mechanical roasting furnaces to the desulphurization of 
blende. About 1895 the discovery of natural gas at lola, Kan., and the 
location of zinc smelteries at that point began a change in the American 
zinc industry, which has become a radical one. In New Jersey also the 
successful development of the Wetherill process for the magnetic separation 
of franklinite and willemite has been of great importance. 
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The largest zinc-producing countries are Germany, Belginm u&i 
United States, which in 1899 ranked in importance in the order '^ 
each producing upward of 100,000 metric tons of spelter. In 
the United States there are in each case two quite distinct zinc-] 
districts; in Germany, the eastern, or Upper Silesia, and the w 
Bheinland and Westphalia ; in the United States, the eastern and 
or New Jersey and Virginia, and the western, or Kansas and Misaoiiri, 
eluding the works of Illinois and Indiana, which derive their ores from 
same source. Considered by districts, the rank in 1900, with the prodi 
of each, was as follows: 1, Belgium, 119,317 metric tons; 2, KansH' 
Missouri, 104,303 ;^ 3, Upper Silesia, 102,093 ; 4, Eheinland and W< 
53,000 ; and 5, New Jersey and Virginia, 7,491. Considered more 
the production of Upper Silesia ought to be increased by the oi 
Poland, since the w^orks of that Kingdom reduce ores mined from the 
deposits which lie at the boundary between Russia and Germany and ezteni 
iuto each of those empires. Consequently the quantity of Silesian spelter, 
produced is really but little inferior to the output of the works of BelgiuiBk 

Looking at the production of zinc ore the largest producer is G^mmj^i 
which is followed in the order named by the United States, Italy, 
Spain, Sweden, Eussia, Algeria, Greece, New South Wales, Austria, Gi 
Britain, Belgium, Tunis, Turkey and Canada. These countries, 
with the neutral territory of Moresnet, supply the entire consumption of 
in the world. Their ores may be divided into two classes : (1) High 
assaying over 40% Zn before roasting or calcination; and (2) low grade^ 
saying less than 40 ^^g^ AUihe pre t,f Poland-^B^ssia) aijid Upper^ 
(Germany) falls into the miU;er ckiss, the average grade of the output in 
of those countries beiDgless than 30% Zn. The ore ofJEttieinj^d and Wesi^- 

The out'pwK5f*fhe "1hJi(!M*fHi8tpict AlM|i|(* 

less than that of Vpfttif 



^ Including a comparatlyely small quantity 
of spelter produced from ore mined In Wis- 
consin, Colorado. Arkansas and Tennessee. 



still somewhat 
Silesia. 



IB 
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phalia (Germany) and the remainder of the countries named is mostly higli 
grade, or rather it is dressed so as to be high grade, ranging from 40% to 
63% Zn, though there is very little of it which is higher than 50% Zn out- 
side of the United States. These figures refer to the raw ores before calcina- 
tion, if they be calamines, or before roasting if they be blendes. With respect 
to the character of the ore, the larger part of the production of Upper Silesia 
Austria, Italy, Greece, Spain and France is calamine ; the larger part of that 
of Belgium, Great Britain, Eheinland, Westphalia, Sweden and the Unite<l 
States is blende; that of Poland is entirely calamine; of Canada, blende; 
while the entire output of New South Wales is mixed blende and galena 
from the Broken Hill mines. Statistics of the production of zinc and zinc 
ore are given in Chapter IV. 

List of European Zinc Smelters. — Following is a list of all the zinc 
smelters of Europe who have operated during the last five years, together 
with the location of their works : 



AUSTRIA. 

Smelters. 

Trifailer KohlenwerksgesellsQhaf t 

Aerischehutte. 

Grafliche Potockische Berg- u. Hutten Verwaltung... . 

Verwaltungder Hugo von Loebbeckeschen Zinkhutten 

Erste B5hmische Zinkhutten u. Bergbau Gesellschaft.- 



1 
2 
3 

4 



Location of Works. 



Sagor. 

Cifii. 

Siersza, near Trzebinia 

f Niedzieliska, 

I near Szczakowa. 

Merklin, near Pilsen. 
Trzebinia. 



BELGIUM. 



Company. 



1 

2 
3 
4 



5 
6 
7 
8 
9 



Soci6t6 Anon, de la Yieille Montagne 



It 



u 

(I 






(I 



it 



G. Dumont et Frferes 

Soc. Anon, de la Ilouvelle Montagne 

Soc. Anon. Austro-Belge 

Soc. Anon, metallurgique de Pray on. 
Soc. Anon, metallurgique de Boom 

L. de Laminne 

lOlSoc. Anon. d'Escombrera-Bleyberg 

11 Soc. Anon.ldes metaux d'Overpelt 

12 Soc. Anon, des fonderies de Biache St. Waast 



Location of Works. 



I Valentin-Cocq, 

I Hollogne-aux Pierrea. 

Angleur (Ohen6e). 
Fldne, Hermalle-sous-Huy. 
Sart-de-Seilles, Seilles. 
Engis. 

Oorphalie lez Huy. 
Prayon, k For6t. 
Boom. 
Antheit. 

Bleyberg, k Montzen. 
Overpelt, near Neerpelt. 
Ougr^e. 



The Soci^te Anonyme de la Vieille Montagne has also a blende roasting plant and 
sulphuric acid worlss at Baelen-Wezel. L. de Laminne has a blende roasting plant at 
Ampsin. Lead smelteries are connected with the zinc works at Bleyberg, Overpelt and 
Seilles. 



I'ilODLCTiON AND FROPEETIEa OF ZINC. 
FHANOE. 



1 Soci^t^ Anon, de la Vieille Montasr 

3 Oompagnie Bovale Asturienne dea M 
8 0eiDe k Zinc de St. Amand 

4 Soci^tg des Mines de Malfidano 

5 M. Dubouchet 



. Viviez (Avejroii), 

. Aubj (Nord). 

. StAmand lez Eaui (Nori). 

. Noyellea-Godault, 

■ St. Jean de Losne (Gdte d'04 I 



GERMANY — UPPER SILESIA, 



Company. 



Name and Location of Worki. 



I Graf Hugi) Henckelvon Bonne ram arck 
2 

3 Graf Guido Henckel von DonnerBmarck 
1 

5 Herzog von Ujest 

6 

8 

B Grafln Schaffgotach 

.OBergwerkageaell. G. v. Giesche's Erben 
1 

a 

3 

4 0. S. Eiaenbahn-BedarfB. Akt. GeHell. 



T H. Roth 

Sohles. Akt. GcBeil. f. Bergbai 
Zink'' uttenbetrieb 

ilSchles. Akt. G«8ell. f, Bergbai; 
Zinkhattenbetrieb 

QSchlea. Akt. Geaell. f, Bergbau 
Zinkhiittenbetrieb 

3K5nigl. PreuBS. BergflBCus 



In addltton to tbe above ameltsries, the Schlesiai^be Aht. GeaellBcbaCt bas k roSBtlDK tuul 
sulphuric acid iilaut ISiJeela IV) and a sulpburous add plact (Bll«aia V) at LI 
bealdes a sbeet zlni; rolling mill at the. aante plect: aWo ToMng mills at Jedlltze, 
Malapaoe. at Ohiau, and at Plela, npar Kudslnltz. Tbe Duke uf DJeat has a large rolllBf. 
mill at Hob«aLulieliUtle. Ttio BergwerltsgeHellBchart G. voo GlcHcbc'a Erbrn baa blendi 
roaBtlag and add works In connpctloD with the BerDbardlblltte and also a BPpBrate pltst 
known as the Reckebiitte. There are acid works at tbe LaxjhUtte and GuldottohUtte, U« 
a aloe white factor; at AntonlenhUtte. 



(Hugohutte) Antonienhutte. 
iLiebehoffnungHhutte) Antonienhdtte. 
(LazyhiitteJ Hadzionkau. 
(Guidottohiitte) Ohropaczow. 
'Hohenlohefaileie) Hohenlohehdttie. 
Fanny Franzhutle) BogutBchuli. 
[Oarlshuttel Ruda. 
(Theresiahiitte) Miehalkowitz II. 
(Godullahutt«) Morsenroth. 
(Wilhelminehutte) Schoppinitz. 
(Bernhardihutte) Rosdzin. 
(Normahutle) Normahutte. 
(Pauiahiitte) Klein Dombrowka. 
(Beuthenerhutte) FriedenBhutte. 
(FJorahutte) Bobrek. 
'" niundehutt*) Morgenroth. 

igundehiitte) Zawodzie- 
(Glarahiltte) Schwarzwald. 
(Franzhutte) BykowJne. 

(Silesiahutte II) Lipine. 

(Silesiahutta III) Lipine. 
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GERMANY — RHEINLAND AND WESTPHALIA. 



Company. 



liocation of Works. 



1 
2 
3 
4 
5 
6 
7 
8 



Soci^t^ Anon, de la Yieille Montasne 

Rheinisch-Nassauischen Akt. Gesellschaft. 



<< 



it 



t* 



<< 



I Av* n^«,«.n * i Bergbau, Blei. u. Zinkhuttenbetrieb 

f Akt. Oeseu. I. ^ stolberg u. in Westphalen 

Markisch-Westfalischen Bergwerksverein 

Akt. Gresell. f. Zink Industrie vormals W. Grillo 

Aktiengesellschaft Berzelius 



zu 



Beroe-Borbeck. 

Eschweiler. 

Stolberg. 

i Dortmund. 

) Stolberg. 
Letmathe. 
Hamborn-Neumuhl . 
Bergisch -Gladbach. 



The Soci^te Anonyme de la Yieille Montagne has also a blende roasting plant, a salphuric 
add works and a sheet zinc rolling mill at Oberhausen, Westphalia. 



GERMANY — SAXONY. 



Smelter. 



Konigliche Hdtte (Muldnerhutte). 



Location of 
Works. 



Freiberg. 



GREAT BRITAIN. 



1 

2 
3 
4 



6 
7 
8 
9 
10 
11 



Company. 



Brunner, Mond & Oo.a 

Central Metal and Smelting Co., Ltd. . 

Dillwyn<SbCo 

English Crown Spelter Co 

i Williams. Foster A Co j, 

I Pascoe Grenfell & Sons f 

Swansea Vale Spelter Co 

Villiers Spelter Co 

Vivian A Sons 

John Lysaght, Ltd 

Dynevor Spelter Co 

H. Kenyon A Co.6 



Location of Works. 



Winnington. 

Glasgow. 

Swansea (Llansamlet). 

Swansea (Port Tennant). 

Swansea. 

Swansea (Llansamlet). 
Swansea (Llansamlet). 
Morriston, Swansea. 
Netham, near Bristol. 
Dynevor, near Neath. 
Warrington. 



a Make electrolytic zinc. 



b Recoyer zinc from galvanizers' waste, etc. 



ITALY. 



1 



Company. 



Society di Monteponi 



Location of AVorks. 



Monteponi, Sardinia. 



PltODUCTlON AND PROPKUTIES C 



» 



nientioEcd in tlie above list have become idle since it was compiled, 
those wliich are so indicated. 

The New Jersey Zinc Co. was a consolidation (in 189G) of the 
Zinc and Iron Co., Passaic Zinc Co. and New Jersey Zinc and Iron 
c-ontrois the Empire Zinc Co. of Joplin, Mo., and North Chicago, IlLj 
the Mineral Point Zinc Co. of Mineral Point, Wis. The Cherokee-^ 
Spelter Co. was a consolidation (in 1896) of the Cherokee Smelting 
Kcfining Co. of Cherokee, Kan.. Rohert I.anyon & Co., Pittsburg, Kan., 
Nevada, Mo., Pittsburg & St. Louis Zinc Co., Pittsborg, Kan., S( 
Zinc Co., Scammon, Kan. (works now dismantled), and Cherokee Zinc 
Pittsburg, Kan., and Weir City, Kan. The company also leased the 
of the Girard Zinc Co. and Kansas Zinc Mining and Smelting Co., 
Girard, Kan., which were subsequently returned to the owners and sold' 
them to the Girard Smelting Co. ; the works of the Rich HiU Mining 
Smelting Co., at Rich HiU, Mo., were also leased. The Lanyoa Zinc 
was a consolidation (in 1899) of the Robert Lanyou Sons Spelter Co, (' 
at lola and La Harpc, Kan.) and W. & J. Lanyon (works at lola and 
burg, Kan.). The Prime Western Spelter Co. was taken over in 1908 bjP 
the New Jersey Zinc Co., and the plants of A. B. Coekerill and G. E. XichiJ' 
eon were purchased by it. 

Ore Supply.— The zinc smelters of Europe draw their supply of ore 
from the various countries ou the Continent, which have been mentioned 
ahove, and to a comparatively smalt extent from the United States, Canads 
and New South Wales.' In Upper Silesia and Westphaha the zinc smelt- 
ers obtain a comparatively small quantity of zinc o.idde, which is recovered 
as a by-product in smelting zinkiferous iron ores. The highest grade of ore 
which reaches the zinc smelters of Europe is the blende concentrate from 
Missouri and Kansas and the willemite from New Jersey, which have been 
shipped to them during the last three or four years. The smelters of the 
United States use only domestic ores, the supply of which is abundant. 

Systems of Zinc Smkltisg. — There are only two systenis of zinc smelt- 
ing now in use, namely, the Belgian and the Silesian, which are both based 
on the same general principles, but differ in the types of retorts employed, 
the furnaces designed to receive them, tlie grade and character of the ore 
that can be treated, and the manner of manipulation. The primary differ- 
ence between the two prooosaos is the use of comparatively small cylindrical 
retorts arranged in several tiers, each with a slight inclination, in the Bel- 



'A conslcleral)!? quenlltr nt tbp on F^wiosea, n'alea, and ElIeBrntri 
ihlpped from Koir Soulh WfllpB 'luring the isnd, bj the Pry prooegg, whlc 
last twn or tlirof jears wau m^linwl at ilnnnd as nnproBtable In 1901, 
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Company. 



erokee-Lanyon Spelter Co 



« 
it 

*€ 
<• 



• I 

«< 
It 
<l 
it 



It 

n 
(< 



Location of Works. 



Pittaburg.Kan.a. . . 
** a... 



tt 



*t 



(« 



a. 



ckerill, A. B 

llinsville Zinc Co. 
Igar Zinc Co 



(I 



41 



apire Zinc Co.... 
«« (< **,.,. 

rard Smelting Co. 



(4 



inois Zinc Co 

galls Zinc Co 

nyon Bros.' Spelter Co. 

nyon, S. H., & Bro 

,nyon Zinc Co . . t « 



(4 
it 



It 
tt 
tt 



tt 



tt 



tt 



.tourette, James. 



itthie-sen & Hegeler Zinc Co.. .-ri^asalle, 111 



idland Smelting Co 
neral Point Zinc Co 
cholson, Geo. E 



(4 



tt 



ime Western Spelter Co 

ch Hill Mining and Smelting Co. 

lited Zinc and Chemical Co 

lited States Zinc Co 

ilcan Spelter Co 

snona Zinc Co 



Weir, Kan. a 

Nevada, Mo.a 

Cherokee, Kan.y . . . 

lola, Kan.^ 

•• ei 

Collinsville, Ill.a . . 

3t. Louis, Mo.b 

Cherry vale, Kan . . . 

Joplin, Mo.j 

No. Chicago, Ill.c. . 
Girard, Kan 



44 



44 



Peru, 111 

Ingalls, Ind 

Nciodesha, Kan. k. . 
Pittsburg, Kan.a . . 
Pittsburg, Kan.a . . 
lola, Kan 



tt 



La Harpe, Kan. 
Marion, Ind.... 



Bruce, Kan 

Mineral Point, Wis. 

Nevada, Mo.t 

lola, Kan.i 

lola, Kan.6. ....... 

Rich Hill, Mo 

lola, Kan h 

Pueblo, Colo.fc 

Upland, Ind./. 

Wenona, 111 






Date of 
Erection. 



1878 
1890 
1891 
1878 
1887 
1891 
1899 
1901 
1886 
1869 
1899 
1881 

• • • • 

1889 
1894 



1902 
1880 
1882 
1895 
1897 
1898 
1892 
1860 
1899 

• • « • 

1888 
1899 
1899 

• • • ■ 

1901 
1902 
1899 
1892 



Kind of 
Fuel Used. 



Bi turn. coal. 



tt 

tt 

44 
44 
41 



Nat. gas. 

tt 4* 

Bitum. coal. 



tt 



4« 



Nat. gas. 
Bitum. coal. 



44 
44 
44 



44 
44 

** d 



Nat. gas. 
tt tt 

Bitum. coal. 



tt 



44 



Nat. gas. 
it it 

*t tt 

tt tt 

Bitum.coald 

tt tt 



44 



tt 



Nat. gas. 

t4 44 

Bitum. coal. 
Nat. gas. 
Bitum. coal. 
Nat. gas. 
Bitum. coal. 



.die (1901). b Works at Carondelet, a district uf St. Louis, e Works at Waukegan, now known 
th Chicago, d Bituminous coal burned in gas producers, e Works at Gas City post-office, near 
/These works were built originally by the Indianola Zinc Co. in 1896; were destroyed by fire 
ibuilt in 1899. p Works owned by the Cherokee-Lanyon Spelter Co.. but leased to and operate*! 
! Cherokee Smelting Co. h Works built in 1901 by the Standard Acid Co.. which consolidated in 
ith the Southwestern Chemical Co., of Argentine, Kan., under the title of United Zinc and 
ical Ca i Purchased by the Prime Western Spelter Co. in 1902. j Idle and partially dismantled. 
ks in course of construction (1902). 



Bsides the above list there have been works, now dismantled, at Clinton, 
tt. (Edes, Mixter & Heald Zinc Co.) ; Philadelphia, Penn. (Delaware 
il Befining Co.) ; Friedensville, Penn. (Friedensville Zinc Co.) ; Bergen 
i, N. J. (Bergen Point Zinc Co.) ; St. Louis, Mo. (Missouri Zinc Co.) ; 
at Sandoval, 111. (Swansea Vale Zinc Co.). Various of the works 
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PRODUCTION AND PROPERTIES OF ZINC. 



have been generally the result of gradual development and never by 
introduction of a radical ionovation. So gradual has been the evoh 
that many methods and types of furnaces have remained quite unci 
through long periods of years. Thus, both in Belgium and Kansas 
are furnaces in use at the present time which in design date back 30 yc 
For the successful distillation of zinc ore we appear to be limited to 
paratively small retorts ; all attempts to effect the distillation in blast 
naces or otherwise on a large scale, save for the production of zinc o] 
have been failures. 

The chief changes and improvements which have occurred in the me 
lurgy of zinc during the last 40 years have been the following : 

1. Eeplacement of calamine by blende as the most important ore of adna* 

2. Successful introduction of mechanically-raked furnaces for blc 
roasting, this being especially a feature of the improved American praGtice» j 

8. Utilization of the sulphurous gas evolved in blende roasting for th^ 
manufacture of sulphuric acid, which is done to a large extent in Glermanj 
and Belgium, to a less extent in the United States and France, and recently' 
has been undertaken in Great Britain.^ 

4. Introduction of gas firing, with or without heat recuperation, espe-] 
cially in connection with the distillation furnaces, leading to economy of] 
fuel and better extraction of zinc and permitting the construction of larger! 
furnaces.^ 

5. Manufacture of improved retorts by means of hydraulic pressure,' 
leading to an increased extraction of zinc and ability to smelt more corro-; 
sive mixtures of ore. 

6. Improvement in the sanitary condition of the furnacemen by proper!^ 
control of the fumes, etc., originating from the furnaces; this is a matter' 
which has received a good deal of attention in Belgium, Germany and Great 
Britain, and little or none in the United States. 

7. Introduction of labor-saving devices for the handling of inateriaL 

8. Utilization of natural gas as fuel in the United States. 

The most important recent development in the metallurgy of zinc has taken 
place in America, and has been not the result of technical study and experi- 
ence, but the taking advantage of the natural-gas resources of Kansas. 



^ The importance of blende as a source of 
sulphuric acid is likely to increase. 

*The tendency toward very large fur- 
naces has manifested itself most strongly 
in the United States, where certain smelters 
have built them with as many as 1,008 re- 
torts. At Angleur, Belgium, there are 
mafrsives with 400 retorts. At other Bel- 



gian works and in Rhenish Prussia and 
Westphalia furnaces with 240 large retorti 
are now the standard size. Similarly, iB 
Upper Silesia the new Bemhardlhlitte has 
been provided with Siemens furnaces com* 
prising 80 large muffles, the largest furnaces 
previously in use in that district having 
had only 72. 
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iHowever, this has led to such a large reduction in the cost of smelting that 
Ithe United States has been placed in the position where it can frequently 
J. export zinc at a profit. Natural gas is also used as fuel at several smelteries 
in Indiana^ but these are comparatively small works which are le«9 advan- 
tageously situated as to ore supply. The utilization of natural gas in Kan- 
sas and in Indiana has not led to any radical change in furnace type an<l 
^ operation from those fired with artificial gas elsewhere in tlie United Statc»s. 
but it is more economical inasmuch as the labor in handling coal to the gas 
producers and cinder away from them is saved, and up to the present tinn? 
the cost of the natural gas has been comparatively insignificant. 

Belgium. — The Belgian zinc industry is centered in the vicinity of Li^go, 
where the method of smelting which bears that name originated. In this 
district the advantages of excellent coal, superior fire clay and cheap, well- 
trained labor are combined. The coal is mined near at hand and the clav 
has to be transported only a short distance. Formerly these works obtained 
their entire supply of ore from domestic mines, of which the most important 
were situated at and near the German frontier, l)ut for a good many years 
their output has been insignificant and most of the Belgian spelter is now 
smelted from foreign ores, which are imported chiefly from Italy, Spain, 
Sweden, Algeria, Tunis and Greece, being brought by sea to Antwerp, 
whence' they are shipped by rail or canal to the works. The ocean freights 
are low, and the cost of carriage from Antwerp to Liege, 5 fr. per 2,204-(> 
lb., is moderate. The largest producer in Belgium, the Society Anonymo 
de la Vieille Montague, obtains a large part of its ore from its own mines, 
which it operates in many difi!erent countries. The blende imported into 
Belgium is to a considerable extent calcined before shipment from the mines. 
The Societe Anonyme de la Vieille Montague has, however, at Baelcn-Wezel 
a roasting plant capable of desulphurizing 75,000 metric tons of blende per 
annum, to which in 1899 a sulphuric acid plant was addend. Some of the 
other Belgian smelters also recover sulphuric acid, but that operation in 
connection with the roasting is commonly conducted in separate works and 
the ore is generally delivered to the smelteries in desulphurized condition. 
The Belgian zinc-smelting industry which was based originally upon the 
, existence of the domestic supply of easily smeltable ore now rests chiefly 
upon the great knowledge of the art accumulated from an experience of 
nearly a century, the possession of a large number of thoroughly trained 
workmen who have been brought up in the business and the abundant supply 
of excellent coal which exists in the Kingdom. The location of the most 
important zinc smelteries of Belgium is shown by the accompanying map. 
Coal Resources of Belgium, — The best-developed portions of the Franco- 

i 



I'lIOIilCTION AND PBOl-EICTUS OF ZIXC 



hih/ian t:<ia\-i\"]'l <»f;ur witljin tin- liuiilE of Belgiom, the westeilj 
I'At'-tj-i'jii Jiji'j J-'raiic; U'jiig (.'ijlin.']y c-overcd t^y a great tbickness of newer 
iitriita. ('iiiJiiH-iK-iii;; at IIji; 'tuslcTn M'le, the first bseiQ is that of liege, 
which ('xt>'ii'i'- fr'ini tin; l'niF-iiin frontier near VeirierB in a eoatbwest«rij 
(]iri-<^j'iii for uViijt t-i luili-r. tljc trri-alt^t l*readth being abont nine i 
iK-ar l.iitii<: 'J'Iji |irJii'-iiial uorkiu^' |Kiiiit)' arc concentraU-d on the westoi 
edp''- ''li'.' iiiiiiiIxT (if (j-arjiii is^ H'i. 'Hie upjiennoet eeriefi of 31 aCfordg&t 
coal-, suitalili; for cokiiifj: tin- injili])*^' writ* of 21 EcaniE yields ecmi-diyn 
flaming coaU: wbjii; tin- lowent M-ri(.t: of 31 seaniE consistii of lean, or Bemi- 
aatliraeitf.- na]. 
The upjx-miofit writ* of wanip. which arc the most valued, is found only in 







—Hap of PonTioxs ok B?:lqi[m, Fiiance, Holland and 

ltllKNI»ll I'hussia. 

fk-aic: 1 in. = (0 milDK. 

II Hiiiiill nn-n niiir tlic center of the haKin at Ougr^c, near Lidge. The eeami 
viiry froni li in. to B-fi ft. in thickness, llie average being barely 3 ft. Tht 
Mittii* cinl.r uf hiiceemtion iH ohstTved in all the coal distrieta along this axiB. 
The Mlnilfi have a oomiianitivily wriall slope on the northern outcrop, and 
lire xhiiriily enntorti'tl, fuiiUcd, »r hroken on the south side of the baBiss. 
The next iMwin. Hint of the Samhro, extcmlti for about 30 miles from Namui 
lo CIinrtiToi. llie jirenlent exiiowcl Im-ndlh heinp; aliout 9-5 miles. At Mont- 
I't'iiii. iii'iir ChaHiTdi, llicrc arc 7.'l Hcaiiiw. The mowt important development 
of llii> coal niiiiitiiri>N in IHtfiuiii in in the baxin of Mone, which extends from 
MiiiH lo Timlin, a ilii*tamv of nliont 1 1 iniW, with a hroadth of about ■ 
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or eight miles. The number of known coal seams is 157, of which from 117 
to 122 are workable, their thickness varying generally between 10 and 28 in., 
only a few exceeding 3 ft. They are classified into the following groups: 

1. Upper series (charbon flenu), 47 seams, which occur chiefly in th« 
neighborhood of Mons : These are the most highly bituminous coals that arc 
found in Belgium. 

2. Hard-coal series {charbon dur), 21 seams: Thestj are soft, coking 
coals, less rich in volatile matter than the flenu, but excellent for coking. 

3. Forge-coal series, 29 seams: These are chiefly used for smithy pur- 
poses and ironworks, but the lower members approximate to dry steam coals. 

4. Dry or lean coals, 20 to 25 seams, forming the bottom series : They are i 
of small value, being used chiefly for brick and lime burning. 

The Belgian coal available to the zinc smelters is only semi-fat in char- 
acter and direct firing is still maintained to a large extent at the Belgian 
smelteries. Such Belgian works as have adopted gas firing are obliged to 
import German coal. The Society Anonyme de la Vieille Montague has 
always sought to use at its works the coal most easily obtained and conse- 
quently in order to avoid recourse to foreign coal retains direct firing for 
the more part of its furnaces in Belgium, although it is admitted that gas 
firing is more advantageous than direct, when suitable coal is available.^ 

Cost of Coal in Belgium, — The cost of Liege coal delivered at the works 
near Liege in 1893 was 10@11 fr. (approximately $2(r7^$2-20) per 1,000 
kg. (2,204-6 lb.). Since then and especially during the last two or three 
years the cost has increased greatly, with the result that the profits of the 
Belgian zinc smelters, have been seriously diminished, notwithstanding the 
increase in the market price of spelter in Europe during the same period. 
The Soci6te Anonyme de la Vieille Montague submitted to its stockholders 
the following data as to the cost^of the coal used at its works in Belgium, 
France and Germany from 1896 to 1900, both years inclusive. 



Year. 


Metric Tonp. 


Cost, Francs. 


AveraRc i)cr 
Tf)n, Francs'. 


1896 

1897 

1898 

1899 

1900 


430,491 
443.746 
458.074 
471.285 
494,945 


4,529,087-40 
4,954,975 68 
5,459,272-75 
6,414,165 81 
8,469,377 07 


10-52 
1117 
11-92 
13-61 
1711 



The largest part of the above consumption of coal occurred in the Belgian 
works of the company. The average cost of the coal used there was as 

'H Gaston de Slncay, director general of the Soci^te Anonyme de la Vieille Montagne, 

in The Mineral Industry, VIII, 655! ^ 
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follows : 181)(>, 1^9(; fr. ; ISDT, lO-OO ; 1898, 11-71 ; 1899, 13-75 ; 1900, 18-19. 
At the end of 1900 contracts for a part of the requirements of the companj 
were renewed at 22 fr. per metric ton. Not merely has the price of coal 
risen, but also its quality has deteriorated, necessitating a larger consump- 
tion to do the same work. The increase in the cost of coal in 1900 as com- 
pared with 1899 was eciuivalent to 18-27 fr. per share of the capital stock of 
the Societe Anonyme de la Vieille Montague, which was not oflfset by the 
increased value of the zinc produced, the average realized per metric ton of 
crude s])elter in 1900 having been only 503-2 fr. against 616-5 in 1899. 

Cost of Fire Clay. — The fire clay required for the manufacture of re- 
torts, condensers and other refractory material is obtained chiefly from 
Andcnnes. In 1893 it cost 12@13 fr. ($2-40@$2-60) per 1,000 kg. deU?- 
ered at or near Liege. 

f Cost of Labor. — The average wages for labor at the Belgian zinc smelt- 
eries are about 3-5 fr. ($0-70) per day, the maximum, paid to foremen, etc., 
l)eing G fr. ($1-20) per day. The rate of wages has increased greatly dur- 
ing the development of the zinc industry in Belgium. In 1887 the average 
at Angleur was 3-15 fr. ($0-63) ; in 1837 is was only 1-35 fr. ($0.27). 

Statistics of the Belgian Zinc Industry, — In 1895 there were 10 zinc 
smelters in Belgium, having 330 furnaces in operation and 58 idle, with 
an average of 25,G09 retorts. in operation. These works had 81 steam 
engines, an aggregate of 2,442 h. p., and employed 4,470 men, who received 
an average daily wage of 3-51 fr. Thc^e were smelted 12,842 metric tons of 
Belgian ore and 214,947 tons of imported ore, requiring 504,357 tons of coal 
and producing 96,944 tons of spelter, worth 356-86 fr. per ton. Of the 
spelter product, 34,081 tons were rolled into sheet at an expense of 13,616 
tons of coal and the labor of 477 men, who received an average wage of 3-77 
f r. per day. The average value of the sheet zinc produced was 394-41 fr. per 
ton. The number of zinc works in operation in Belgium in 1897 was nine, 
there being only one inactive plant. The active works had 359 furnaces 
with a total of 27,827 retorts. The inactive plant had 68 furnaces. The 
total number of men employed was 4,820, who received an average daily 
wage of 3-49 fr. Tlie consumption of coal was 547,666 tons. Of Belgian 
ore 14,636 tons were smelted; of foreign ore 250,016 tons. The production 
of spelter was 103,885 tons, valued at 427-41 fr. per ton.^ In 1898 the 
quantity of ore smelted in Belgium was 291,977 tons, of which 13,296 was 
from domestic sources and the remainder was imported. 

* British Foreign Office, Report No. 484, production of spelter in 1897 was 116,067 
Miscellaneous Series, November, 1898. Ac- metric tons, and in 1895 it was 107,664 
cording to the Belgian official statistics the ionn. 
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Character of Ore Smelted. — The diverBe sources of the ore smelted at 
Belgian works is shown by the Btatistica for 1898, in which year 59,118 tons 
were obtained from Sardinia; 48,101 from France; 34,973 from Sweden; 
20,076 from Algeria ; and 17,552 from Germany. Besides the domestic pro- 
duction, additional supplies of ore were obtained from Greece, Australia, 
the Italian mainland, England, Tunis, Turkey, Austria and the United 
States. Analyses of ores received by Belgian smelters from various sources 
in 1898, which iilustrate the nature of their ore supplies, are given in the 
. following table : 

ANALYSES OF ORES BODQBT BY BELQIAN SUELTEKS IN iaW.a 



Kind of Ore. 
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a Comi^led fiom data In n pkper by Ad. FIrket In Aniukles dea Mloea de B«lgique, VI, i and IL 
jQuigua.cklcareoua,slllcionBftad femiglDOOi. e Gangne. alllclciiu and lerrugl nous. tlTlilg umpl* 
al*a contalneil l}'40% Sb. « G&n^ue, slltcloui and lerruglnouB. /Thlsunaplecontnliied allttle CaCO, 
and a good deal of Iron. cAIki contained S10,,CaO and much Fe,0,. A Also cootMned 0-4% Ca. 
I Alio contained 0-01% Ai. J Also contained 0'00e% Ae. t AlsoconMned 0-07% Ab and 0-3% Sb. 
*il»o«)nl»InedO-10%8b. n Also contained 0042% As. n Also contained 0-79% As. o Also contained 
DDll^ Ai. pAlao contained t-V% 8b. q Atoo contained 002% Sb. r Average of routed blend* 
bongbtbr K certain work*. 
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The assay's of numerous Sanlinian calamines received by Belgian bd^^H 
in 189S will be foimd in Chapter X. M. Firket has computed th^^f 
entire quantity of oro reduced in Belgium in 18!)8 averaged about -^S^^l 
Zn and 4-35% Pb, which figures it should be remembered refer to c^i^^H 
calamine and roaetcd blende and not to raw ores. ^^| 

FiiAXCE.- — This Republic is a large producer of zinc ore and of s!H^^| 
The industry is rather scattered, however, instead of being concentrst^^| 
a. few points, and the French zinc ore is largely exported to other conl^H 
for reduction, chiefly to Belgium, while the French smelters derive thei^^^| 
ply chiefly from Greece, Sardinia and Spain. The most importaiit^^| 
smelteries in France are those at Auby (Nord) belonging to the Comp^^f 
Hoyale Asturienne des ilines, and at Viviez, in Aveyron, belonging t|^^| 
Soci6t4 Anonyme de la Vieille Montagne. The latter company has a^^| 
rolling mill at Panchot in Aveyron. There is a smeltery belonging tO^H 
Societe de Mines de Malfidano, at Noyelles-Godaidt, where some of the^H 
from the Sardinian mines of that company is reduced. A zinc smeltery ^H 
also established at St. Amand, Xord, in 1896. ^M 

The conditions governing the zinc-smelting industry in the nordt^l 
France are quite similar to those in Belgium, the Belgian coal fields exte^l 
ing through that portion of France. As in Belgium the coal is only sai^j 
fat and direct firing is still generally malntaineJ. At the works of tiffl 
Societe Anonyme de la Vieille Montagne in Aveyron, in the south of Frano^ ' 
however, a coal containing 38% of volatile matter is available and gas firing 
is employed with considerable economy as compared with direct firing. In 
France as in Belgium the value of eoal has risen greatly during the last fiva 
years, the average cost of the consumption at the French works of the Soci^ti 
AnonjTiie de la Vieille Montagne having been as follows: lSi)G, 9-(i3 fr. p« 
metric ton; 1897, 9-99 fr. ; 1898, lO-U fr.; 1899, 10-9i fr.; 19D0, ll-C-3 fr, 

Germany. — The zinc smelters of Germany fall into two distinct divisioas, 
namely, the western, or Rhenish, and the eastern, or Silesian. Outside ot 
these there is only one small works at Freiberg, in Saxony, the productloa 
of which is insignificant. 

Ehenish Prussia. — The eight zinc smelteries of Rhenish Prussia are 
divided into two groups, three in the Rhine Province, near the Belgian 
frontier on the west side of the Rhine, and five in Westphalia, cast of the 
Rhine. The former group comprisefi the works at Eschweiler and Stol- 
berg, near Aachen (Aix-la-Chapello) ; the latter includes the works at 
Berge-Borbcck near Essen, Dortmund, Letmathe, Hamhorn, and at 
Bergisch-Gladbach near Cologne. Practically the same conditions existi, 
in both sections of the Rhenish district. 
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Coal Resources of Rhenish Prussia and Westphalia. — The coal fields of 
Rhenish Prussia and Westphalia, situated on the extension of the Franco- 
Belgian axis, are the two small basins of the Inde and Worm, east of 
Adelnau, near Stolberg and Eschweiler, and the great Westphalian basin east 
of the Shine, in the valley of the Ruhr. The last, which is one of the most 
important in Europe, extends for about 30 miles east and west from Essen 
to Dortmund. Its breadth is unknown; the beds are exposed for about 15 
miles at the widest part, but the actual boundaries to the north and north- 
east are hidden by Cretaceous rocks. The greatest depth from the surface 
to the bottom of the basin is probably about 5,000 ft. It is divided length- 
ways by transverse axes of elevation into four principal basins, besides sev- 
eral smaller ones. The total thickness of measures so far as proved is from 
6,000 to 8,000 ft., with about 130 seams of coal, altogether about 300 ft. 
thick. These are divided into three series by two bands of barren measures. 
The thickness of the individual coal seams varies from 8 in. to 7 ft. Sev- 
enty-six are considered to be workable, having a combined thickness of 205 
ft., and 54 are unworkable, containing 42 ft. of coal. The proportion of 
workable coal to the whole thickness of strata is as 1 : 33. The order of 
succession as regards quality is similar to that observed in Belgium, tlie most 
highly valued gas and coking coals being at the top of the series, and the 
dry semi-anthracite seams at the bottom. There is an abundant supply of 
the fat coal and gas firing, with or without heat recuperation, is now gener- 
ally adopted by the zinc smelters of Rhenish Prussia and Westphalia. 

At Stolberg the coal for heating the furnaces cost about 10 marks ($2-38) 
per 1,000 kg. in 1893, while reduction material (hard-coal fines from the 
washeries) was obtainable for about five marks. Since that time the cost of 
coal in Rheinland and Westphalia has risen materially, especially during the 
last two or three years, though not to so great an extent as in Belgium. The 
Societe Anonyme de la Vieille Montagne has reported the average cost per 
metric ton of the coal consumed in its Westphalian works as follows : 1896, 
10-13 fr. ; 1897, 10-68 ; 1898, 10-82 ; 1899^, 11-44 ; 1900, 12-41. 

Lab or J Ore and Refractory Materials. — The Rhenish works have to 
import from Belgium the fire clay needed for the manufacture of their 
retorts. In 1893 it cost them about 12 marks ($3) per metric ton. Wages are 
about the same as in Belgium, common labor being paid two marks (47-6c.) 
l)er day at Stolberg, and furnace men four marks (95-2c.). The Rhenish 
^Jmelters import a part of their ore supply from foreign countries, via Ant- 
werp and Eotterdam, from which ports, they are not far distant, but they ob- 
tain the more part from domestic sources, the mines near the Belgian fron- 
tier and in Westphalia being still very productive, while considerable quanti- 
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re alfio derived froui the Harz, and Friudrifliasegcn and elsewh) 
aesau. The Grillo works at Hambom have been lately receiving a 
-«rable quantity of Nt-w Jersey willemite, wliich is useJ for maldng a 
grade ppeltcr. The Societe Anonyme de la Vieille Montagne operates 
large scale the mines at Bensborg, near Cologne, on the east side ol 
Ehine, producing blende which is roaetod at OberhauBen. where siil] 
rfcid is manufactured from the roast gases, the desulphurized ore 
Bmelted suljeequently at Berge-Borbeck, near Essen. Eecently the pi 
tive capacity of the Bensberg mines has been largely increased, a new 
ing works having been erected there in 1898. 

jStJesto.— The Silesian zinc district lies entirely within what was 
Poland, but is now partitioned among Eussia, Austria and Germany;. 
dividing line between Eussia and Germany crossing the zinc-bearing forma* 
tion. The larger part of the deposit lies, however, in Germany. The center 
of the district is Beuthen, a small city in the corner of the province of Ober- 
Bchlesien (Upper Silesia), only a few kilometers from the Eussian and Aus- 
trian frontiers. Next in importance is the town of Kattowitz. The 33 
smelteries of Prussian Silesia are situated near those places. Just over the 
line in Poland there are works at Bendzin and Dombrowa, and in Austria , 
(Galicia) at Sicrsza, Niedzieliska and Trzcbinia, 

Coal Resources of Silesia. — The coal fields of Silesia are the most im- 
portant of eastern Europe. Those of Lower Silesia and Bohemia form 8 
basin between Glatz, Waldenburg, Landshuet, and Schatzlar, about 38 miles 
long and 23 miles broad. The number of seams from 3-5 to 5 ft. thick is 
between 35 and 50, but it is difBcult to trace any one continuously for a 
great distance. The lower seams usually lie at a higher angle than those 
above them. There does not appear to be any relation between the character 
of the coals and their geological position, and the same seam often varies in 
quality in neighboring mines. 

The Upper Silesian coal field extends in several disconnected areas from 
Maehrisch-Ostrau in Moravia, in a northwesterly direction, by Eybnifc and 
Gleiwitz in Prussia, and Myslowitz in Poland, lying partly in Austria, Prus- 
sia and Eussia. The Prussian portion between Zrabze and Myslowitz ia th« 
most important, extending over 20 miles in length, by nearly 15 in breadth. 
The greatest thickness of coal in workable seams (which vary from 3-5 to 60 
ft. in thickness) is estimated at a total of 333 ft., the thickness of the meas< 
ures being about 10,000 ft. 

The great coal measures of Upper Silesia exist in close proximity to thft 
zinc mines, as may be seen from the map on page 215, and the smelters 
are favored consequently not only by comparatively cheap coal of very good 
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quality, but also by low cost of carriage of the ore to it, which is of more 
importance in this district than elsewhere on account of the low grade of 
the ore. The best coal in 1893 cost about eight marks ($1-92) per 
1,000 kg. at the smelteries, from which figure the price ranged downward 
to about 2@4 marks for the inferior grades which are used to a large ex- 
tent. Since 1898 the Silesian coal has appreciated a good deal in value, but 
not in so great a proportion as has been experienced in Belgium. Accord- 
ing to the statistics of the Oberschlesischen Berg- und Hiittenmannischen 
Vereins the average value per 1,000 kg. of the entire production of coal in 
Upper Silesia at the mines has been as follows : 



Year 


Mark<. 


Year 


Marks 


Year 


Mark^ 


i 

Year 


Marks 


1886 
1887 
1888 
1889 


3-688 
3-550 
3-550 
3-730 


1890 
1891 
1892 
1893 


4-800 
5-415 
5-437 
5-371 


1894 
1895 
1896 
1897 


5-228 
5-197 
5-216 
5-319 


' 1808 
1899 
1900 
1901 


5-585 
6 005 
7-133 







These figures represent the average of all kinds of coal produced — i.e., 
they may be assumed as indicating the value of the run of the mine. The 
_ Silesian zinc smelters use chiefly small sizes and slack for heating their 
furnaces. The relative value of the different sizes of coal in 1891 was as 
follows: No. 1, 7@8-5 marks; No. 2 (about nut size), 5@5-5 marks; 
Grieskohl, 3@4 marks; dust-coal (under 10 mm. size), l-6@2 marks. 

Labor, Ore and Refractory Material, — Eefractory material costs consid- 
erably more in Silesia than in either Khenish Prussia or Belgium; how- 
ever, the consumption is less per ton of ore smelted. The best fire clay is 
imported from Briesen, in Moravia (Austria), and costs 30 marks ($7-20) 
per 1,000 kg. (2,204-6 lb.) ; other Moravian clay is obtained for 22 marks 
($5-28); while ordinary Silesian clay is worth 15 marks ($3-60). The 
wages for labor are about the same as in the west of Germany, the best class 
receiving 3@4 marks ($0*72@$0-96) per day, but a larger proportion of 
cheaper labor is used, women who are paid only 0-90@l-20 marks ($0-22@ 
$0-29) per 12 hours being employed foj* much of the common work, such as 
dressing the ore and sorting old refractory material. The employment of 
women in the smelting houses has been recently discontinued, however, in 
some of the largest plants of the Province, namely those of the Duke of XJjest. 
The working population of Upper Silesia is mostly (90%) Polish. 

The ore supply of the Silesian smelters is obtained chiefly from the local 
mines and consists of both calamine and blende. The Polish works use 
only calamine, which is very low in grade. In Upper Silesia the proportion 
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of l)li»ncle to calamine is steadily increasing. The Silesian smelters are alsDJ 
I'cceiving considerable quantities of blende (roasted) from Sweden a 
Styria (Austria). The Silesian ores generally contain lead, and the spelter 
<l(.Tived from them contains so much of that impurity that it has to be 
subjected to a refining process. Numerous analyses of the ores smelted in 
Upper Silesia will be found in Chapter X. 

Great Britain. — The chief center of the British smelting industry is at 
Swansea, in Wales, where an abundant supply of extremely high-grade coal 
is available and a considerable quantity of ore is obtainable from mines in 
Wales, which are described in Chapter X. These mines formed the basis of 
I he original Welsh smelting industry, but their production has for a long 
time been inadequate to meet the requirements of the Swansea smelters, who 
have therefore had to draw their supplies from other countries, chiefly Italy 
and Spain, and lately to some extent from the United States. Swansea 
being an important seaport, the zinc smelters at that place are situated favor- 
ably with respect to obtaining ore from all countries whence it would natu- 
rally be shipped by sea. 

Coal and Fire Clay, — The coal used for heating the furnaces cost the 
Welsh smelters 7s. 6d. pur ton of 2,240 lb. in the midsummer of 1899; 
anthracite fine coal for reduction material cost 4s. per ton. The best Stour- 
bridge fire clay cost 60s. per ton. These prices for coal and fire clay repre- 
sented the cost of those materials delivered at the works. It will be seen that 
the cost of coal to the Welsh smelters is less than to the Belgian and Ehenish 
smelters, but is rather high as compared with the cost to American smelters; 
it must be pointed out, however, that the Welsh coal is far superior in heat- 
ing value to any bituminous coal which is used by American zinc smelters, 
and there is probably no great difference between Welsh coal at 7s. 6d. per 
2,240 lb. and Kansas, Missouri, or Illinois coal at $1 per 2,000 lb. 

Wages, — The wages of labor at Swansea are low as compared with Ameri- 
can conditions and high as compared with the Continental. Common labor 
is paid from 38.@3s. 6d. per day. Furnacemen are paid as follows: First 
hand 6s., second hand 5s., third hand 4s., all per shift of 12 hours. 

Furnaces, — The Welsh smelters formerly employed chiefly the Silesian 
type of distillation furnace, which is still used extensively in the district. 
Some of the works use the Welsh-Belgian furnace with roasting furnaces at- 
tached thereto, but the employment of this type is not spreading.* In recent 
years there has been a tendency to replace the Silesian furnaces with the 
ordinary Belgian. Direct firing has almost entirely given Way to gas firing, 

^ Win lam Blackmore, private communication, August 12, 1899; I am also indebted to 
Mr. niaclcmore for tbe data as to the cost of coal and wages of labor in Wales. 
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in connection with which the tendency has been lately to abandon the more 
complicated forms of brick-filled regenerative chambers in favor of simpler 
heat-recuperative flues, the common checker- work type of ro<?enerator be- 
coming too rapidly choked by the escaping zinc funics.^ According to H. 
Forbes Carpenter, the British Alkali Inspector, in his report for 18i)G, "tlio 
EngUsh zinc works are substituting for the Belgian furnace, in the case of 
certain ores, a furnace heated by producer gas with two or three tiers of 
muffles. Arrangements have also been made in many English zinc works to 
remove the fumes of zinc oxide escaping from tlie condensers, this being 
done chiefly to improve the health of the workmen." Certain English zinc 
works have begun the manufacture of sulphuric acid from the waste fumes 
of the blende-roasting furnaces. 

Greece. — The Kingdom of Greece used to furnish an important supply 
of zinc ore to European smelters, it being derived entirely from the mines 
of Laurium, but the output from that source has lately diminished materi- 
ally. None of the ore is smelted in Greece, but most of the calamine is 
calcined and the blende is roasted before exportation. M. Ed. Fuchs^ states 
that the cost of mining zinc ore at Laurium is 4-70(a 7-20 fr. per metric ton. 
according to whether the exploitation is carried on open cast or imderground 
and at depth, labor amounting to 2-50@5 fr. and powder and supplies to 
2-20. The cost of production of sorted ore varies of course according to the 
tenor of mineral in the crude material mined. A laborer paid 3 fr. per day 
is able to sort three tons per day, making two classes — mineral and waste. 
A ton of mineral sorted from stuff containing respectively 75%, 50% and 

&' will cost: 



For mining 
ForsortiDg. 

Total. . . . 



Francs 


Francs 


Fran OS 


8-91 
1-33 

10-24 


13-40 
2-00 


26-80 
4-00 


15-40 


30*80 



In the first case 1«33 tons of ore must be mined and sorted to get one 
ton of mineral ; in the second, two tons ; and in the third, four tons. 

The cost of calcination is 3«80 fr. per ton of product. Assuming that one 
ton of raw mineral will yield 0*75 ton of calcined, whence one ton calcined 
=1-33 ton of raw, the total cost of delivery of one metric ton of calcined 



^Profeewor W. C. Roberts-Austen. In the 
official cataloffne of the British section at 
the Chicago Exposition. 



» Traits des Gftes Min^raux, II, 385. 
» These fibres refer to the percentages 
of "mineral" In the crude ore. 
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calamine from Laurium ex ship at Antwerp, varjnng according to thcp 
centage of mineral in the crude ore raised from the mines, is as follows: 1 
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Italy. — The nine ore produced on the Italian mainland is entirely i 
ported, largely to Swansea, Waks, and to Belgium. Until recently tfaB.] 
portant production of Sardinia has also been entirely exported, going d^ 
to Belgium, France and Wales, hut within a year or two the Societa di l£ 
teponi has established a smelting department in connection with ita oS 
works at Monteponi and is reducing therein a small portion of its own a 
put of ore. The fuel employed is hgnite, 

NETHEKLjiXDS. — Comparatively recently a somewhat important zi]| 
smelting industry has been established in the Netherlands, where there ii 
three works, of which one has been in steady operation for several years. 13 
Netherlands produce no zinc ore and the supply of the Dutch smelters J 
obtained from foreign coimtrics, being imported through Rotterdam aa 
Antwerp. The smelteries are situated in that portion of Holland whidi i 
in close proximity to LiSge, Belgium, and the conditions of smelting a 
quite similar to those existing in the Li^ge district. i 

BusBiA. — The production of zinc in Russia is confined to the Kingdom^ 
Poland, whore the industry has existed since 1816. It is at present in 
fair state of development, the annual production of spelter amounting \ 
about G,000 metric tons. There are two works, one at Bendzin, belonging) 
the Sosnowice Co., and the other at Dorabrowa, belonging to the Derwi 
Szewcow-PomeranofE Co. There are also two rolhng mills in the Kia| 
dom, one at Sosnowice and the other at Slawkow, besides a factory for tl 
manufacture of zinc oxide. The ore is rained in the neighborhood of tl 
town of Olkusz and is transported by carts or by the Ivangrod-DoinbrOT 
Railway to the Bendzin and Domhrowa works. The Polish zinc ore 
identical in character with what was mined in Upper Silesia in the ear 
days of the zinc industry there; at present only calamine is treated. Tl 
furnaces employed and the method of smelting are the same as in Upp 
Silesia. Coal is obtained from the Dombrowa basin, a continuation of tl 
Upper Silesian coal- measures. 



PAIN. — The large output of zinc ore in Spain is chiefly export4M3, 
moat part going to France and Belgium. Tlic calaniint.' is gcnei 

led before shipment. A comparatively isniall quantity of the Spaai 
is BKielted by the Compagnie Royale Asturienne dee Mines nt its work* 

Lo, in Asturias, at which the Belgian method of smelting is employwi. 
re is a rolling ipill connected with those works, in whidi a part of tl 
;uet is converted into sheet zinc. 

he total production of zinc ore in Spain in 1899 amounted io 119,1 
:ic tons, of which the province of Murcia furnished 5(5,490 tons, 9i 
ler 43,825 tons, Cordoba 0,795 tons, Granada, Almeria and Guipiizcmi 
Bid of 2,000 tons and Teriiel 1,520 tons. The exportation of bleudf in 
) amounted to 63,438 tons, of which upward of 50,000 tons were 
latched to Belgium, 6,631 tons going to France and small quantities to 
id and Great Britain. The exportation of calamine amounted to 
Ii9 tons, of which upward of 15,000 tons went to France and Belgium 
small quantities of a few hundred tons to Great Britain and Holland. 
! principal Spanish ports for the shipment of zinc ore are Cartagena, 
tander, Seville, Almena and Malaga. 

firiTED States. — The zinc-smelting industry of the United States is 
fttcterized by great variations in practice depending upon the local condi- 
a of the different districts. Fortunately all the zinc ore producing die- 
ts of the United States occur in close proximity to fuel, which favors 
ttly the metallurgical industry, hut the character of the fuel as well as 
character of the ore varies widely. The geological conditions under 
ch the zinc ore of the United States ia found are described in Chapter 
to which reference should be made. 
'astern Districis. — The ore mined in N"ew Jersey and Pennsylvania is 
iced at works situated at Jersey City and Newark, N". J., and at South 
ilehera and Palnierton (near Hazard), Penn., all of which are con- 
led by the New Jersey Zinc Co. Their production of spelter is of much 
importance than their production of zinc oxide. Tiie New Jersey zinc 
as mined is not well adapted to the production of spelter, because of its 
. percentage of franklinite. A mechanical separation of the winemiti> 
franklinite was not effected in an entirely successful manner until the 
□tion of the Wetherill magnetic machines (vide Chapter XI). By 
OS of those machines a clean willemite product is now obtained, which is 
jxcellent ore for reduction to spelter, furnishing a metal of exceptional 
ity. So far it has not been the policy of the New Jersey Zinc Co. to make 
arge production of spelter, it being preferred evidently to make only a 
comparatively small quantity, which can be sold at a premium, and export 
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E Ibt' remaiDtler of iUi wiUcmile to Eun>pe«u tmi-lti^rj. Tbo diSvr^^^^ 
f t»*c«ntheinarlcet prices of (he two kinds of spelter is variably bat inl^^H 
L il is in tbe neighborhood of ic per lb. In August, 1898, wlieDL^^H 
I AV'i-^li'rn spt-'ltLT was obtainuble in >'cw York at 4-oc. per lb., tbe XeV^^H 

I Iiigh-gratle spelter was fL-tdiing G-*5c. High-grade spelter is also IQ^^H 
by the Bertha Zinc and Mineral Co. at Pulaski, Va. ^^H 

Both at Palmerton, Penn., which is the location of the chief works^^H 
Xew Jereey Zinc Co., and at Pulaski, Va., the conditions are fava^^^l 
L'C^onoitiical zinc smelting. At the former anthracite coal is odfl^^H 
> cheaply from the near-by mines. The Bertha Zinc and Mineral Co.J^^^| 
beating its fumaccB run of mine coal from the Pocahontas Flat Tc^^^^| 
which is 75 miles from Pulaski. This coal assays T4-2(% fii^Q^^^^H 
B% volatile matter, and 6-94% ash. Reduction coal is obtal^^^^| 
Altoona, 10 miles from Pulaski, where there are seams of great Q^^^H 
having a minimum of 20 ft. and a maximnm at one point of 117 ffil^^H 
coal, which is anthracite in character, has the composition: 63-73% a^| 
carljon, 10.52% volatile matter, 1-43% sulphur, and 25-33% ash. Lah^ 
is obtainable cheaply at all the works in New Jersey, Pennsylvania aiidj 
rinia. liefraetory material is obtained from Woodbridge, N. J., and 
Cheltenham, St. Louis, Mo. 

Western Disiricts. — The most important producers of spelter in tbg 
United States are sitiiated in the West, at various points where the j^eneid 
conditions are somewhat similar. There are numerous smelteries at PitM 
burg, Kan., and vicinity, which enjoy cheap coal and proximity to the OM 
iUpply, but are antiquated in design and nncconomical in operation,' Thwfr 
is a group of newer works at Tola and Cherryyale, Kan., which are a littSl 
less favorably situated as to ore and coal, but enjoy what is at present prac 
tically free fuel (natural gas) together with an important saving in labor* 

In the vicinity of St. Tjouis, namply at Carondclet, llo., and ColIinBi 

IIU., are two smelters which have cheap coal (though of inferior qui 
comparatively low freiglit on ore (taking into consideration the cost of, 
I ting the spelter to market), cheap fire clay and good metalhirgieal practioK 
The three groups above mentioned derive their ore supply entirely frcoB 
a the Joplin district^_^ith the exception of a little which is obtained frorii 
ansas and Colorado. The quantity of ore derived from Colorado 
lately been increasing considerably, and this source of supply promises 
to become an import»nt factor in the domestic zinc industry. 

be smelters at Plttahiirg, Ken., were ■ LBrjely hecanne of (he leas volume rf 

e to withstand tbe cnmpetltlon ot the material — fuel snd Its ash— which has to tM 
Blgaa smelters and their works are Imnrtled. The nbltlty to conBtruct larger 
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jitiiated about 100 miles southwest of Chicago are the two large works 
Peru and I^salle, 111., which though remote from the Joplin district have 
orable railway rates from there and the additional advantage of a small 
)ply of cheaper ore from Wisconsin and Iowa. Because of their more 
proved metallurgical practice, including the recovery of sulphuric acid, 
d their undertaking the manufacture of sheet zinc and acid phosphate of 
ne, in eaeli of which industries they realize large profits, they are able 

compete with the lola smelters, notwithstanding the advantage of the 
tter as to fuel. The works of the Empire Zinc Co. at North Chicago, 
I., are also near the Wisconsin mines. The Mineral Point Zinc Co. 
tches some ore from Colorado and New Mexico to its works at Mineral 
oint. Wis., where it makes zinc white and recently has made an installation 
) produce sulphuric acid by the catal}i;ic process. 

Near Marion, Ind., there are three small works which have higher freights 
pay on Joplin ore than any of the other works, said rates being not oflfsot 
•y the lower freights on spelter to Pittsburg, Penn., which is the most im- 
portant consuming district in the United States, wherefore those smelters 
re at a disadvantage; they bum natural gas but the supply is diminishing 
•apidly and is no longer to be had at little or no cost, but now involves an 
expense of perhaps 4@5c. per 1,000 cu. ft., which is equivalent to first- 
ilass run of mine coal, such as Pennsylvania bituminous, at $0-80(?7$l per 
IfiOO lb. Besides the Joplin ore the Indiana smelters obtain small supplies 
■rom Wisconsin and Tennessee, the freight rates from the mines in the latter 
^tate being the same as from Joplin, Mo. 

Tardy Development of Kansas-Missouri Zitic-S melting Practice. — ^Until 
wo or three years ago the smelters of Kansas and Western Missouri 
employed the same methods that were adopted when the zinc-smelting 
ndustry was first established there during the decade 1870-1880. A de- 
motion of their conditions, written by F. L. Clerc in The Mineral Resources 
"jf the United States for 1882 is so accurate an account of the conditions at 
most of the works at Pittsburg, Kan., and vicinity in 1900 that it is here 
reproduced : 

"The furnaces are built with the ash-pits above the ground, with a sloping 
bank of earth or cinder leading up to the furnace fioor. The buildings are 
scarcely more than sheds, and are huddled together with little regard to 
their mutual relation. The first cost of the buildings is inconsiderable. 
In the smelting process the cheapness of the fuel renders economy in this 
direction unimportant, and the cheapness of living makes labor obtainable 
at wages as low as anywhere in the country. The works are usually owned 
hy partners, who do the work of salaried employees, and consider as profit 
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'hat would be only tfie interi.«t on their mooL-y anJ iliL-ir wages 
other occupation, Tlie fumacee roughly const rue ti^tl of inferior 
will not long ^u^laJn the heat lequirecl to eihaust the zinc from the 

id it is the accepted opinion that there is no economy in "butchering" 
■^Qmace for the sake of a »maU additional percentage of metal: it is 
-ferred to increase the production of the furnace and to reduce the cost 
labor and fuel by increasing the charge of ore — in other words to but 
the ore and save the furnace. At the same time tlic personal supervisiraii 
Ihe proprietors and their intimate knowledge of the business makes p( 
Teeults that could not be expected hy a company operating on a larg 
Since Mr. Clerc wrote as above there have been of course sonic 
ments in the older Kansas and Missouri works and during the dfc; 
1900 most of them passed out of the hands of individual proprietowj 
tho8G of joint stock companies, hut nevertheless the smelting practice 
tinued to be very backward in many respects. Recently, howe 
change has taken place in zinc smelting in KauMs and because of the 
derful natural resources that have been taken advantage of spelter is noir] 
produced there under very different conditions tlian what formerly pru' 
Tailed, 

Rise of tlie ?,'atural Gas Smeiteries of A'anso^s.^ Pittsburg, Kan., owe3 
its development to the productive coal nieasures over which it is bui 
and being only 2C mites from Joplin, with csecllent railway connectionB, 
became naturally an advantageous place for smelting the ore mined at 
near Joplin. About ISStS the natural-gas supply in the vicinity of lol 
which by railway is approximately 100 miles from Joplin, began to be 
for zinc smelting and since then numerous works have ijcen erected at tlUt 
point. The experience has demonstrated that zinc ore can be smelted moK 
cheaply at lola, under the conditions which exist there, tlian at Pittsbi 
Kan., and gradually the coal smelteries have been closed, though this 
did not take place in a marked degree until 1900. In 1899 the conditu 
the ore and spelter market were such that even the lola smelters were 
profitable. With 1900 the unfavorable conditions were ameliorated, but ^ 
increasing competition of the lola smelteries, of which the largest Ul 
previously been consolidated in strong hands, prevented the price of ore ^H 
falling to the former level and few of the coal smelters of Kansas and 1^1 
H , souri were able to meet the new scale of prices, especially under the furt^B 
■ disadvantage of the increased price for coal which prevailed during 190 
H and one by one their works were closed. Tlius the metallurgical industi? 
I lost one of its most picturesque features, inasmuch as the irregular groups 
I of buildings, with their higli-peakcd roofs and quaint sjables. and chimneya 
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belching flames that made a far-seen landmark on the prairie at night, will 
soon become a thing of the past. With idleness a zinc smeltery rapidly goes 
to pieces and probably the Pittsburg works will never be started again for 
any but spasmodic campaigns. In the ordinar}' course of events the natural 
gas at lola and elsewhere will be exhausted some day and even before it is 
wholly consumed it will begin to assume an expense increasing gradually up 
to the point where it will be more costly than coal ; upon the arrival of tliat 
time Pittsburg may become a smelting center once more, but it will be, no 
doubt, with new furnaces and new appliances. 

Coal Resources of the United States,^ — Each of the zinc-smelting districts 
of the United States is situated in close proximity to a coal field or a natural- 
gas field, with the exception of tlie Xew Jersey works, to which the coal has to 
be carried from the anthracite mines of eastern Pennsylvania, and the works 
at North Chicago, 111., and Mineral Point, Wis., which have to obtain their 
supply of coal from the northern field of Illinois. The works at SoutJi 
Bethlehem, Penn., and Palmerton, Penn., are situated in close proximity 
to the anthracite coal field of Pennsylvania. The Virginia smelters are 
located on the continuation of the great Eastern bituminous coal field which 
extends through Pennsylvania and West Virginia to Alabama. The smelters 
of Lasalle and Peru, 111., are in the northern Illinois coal field, while those 
of Collinsville, 111., and St. Louis, Mo., draw their supply from the southern 
Illinois field. Pittsburg, Kan., is located on the southern extension of the 
Iowa-Kansas coal field. 

The anthracite coal mines of eastern Pennsylvania occur in three districts 
known as the Schuylkill, Lehigh and Wyoming. The area of the first is 138 
square miles, of the second 38 square miles and of the third 196 square 
miles. There are 15 workable seams, having a total thickness of 107 ft. of 
coal, the thickness of the measures in which the seams are interstratified 
being about 3,000 ft. 

At Lasalle and Peru in the northern Illinois coa] field there are three 
workable seams of coal, one being from 4-5 to 5 ft. in thickness, another from 
3 to 9 ft., averaging 6 ft., and a third 4 ft. The coal from the uppermost 
seam is light, dry and free-burning. The middle seam yields a poorer coal. 
The lowest seam is most highly bituminous, cakes in burning, is high in 
sulphur and throws off a heavy soot. In the Belleville district in southern 
Illinois, whence the Collinsville and St. Louis smelters obtain their coal, a 
seam from 5 to 7 ft. in thickness is principally worked. The Illinois coals 
are generally high in moisture and often are very high in sulphur and ash. 

^This section refers only to the coal resources of those parts of the United States in which 

zinc ores are smelted. 
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When bumed in ordinary furnaces they produce great volumes of bl 
Kinoke. The coal of northern Illinois is burned BuceessfuUy in gaa _ 
ducers. \^ 

Pittsburg, Kan., and the adjacent towns of Weir. Scammon and Fron- 
tenac, overlie the thickest and Lest seam of coal in Kansas. This is knomt 
OS the Cherokee seam. It extends from the Indian Territory, entering 
Kansas tiear Chetopa, and runs across the southeast part of Labette Conntj, 
the -west and northwest parts of Cherokee and the southeast part of Cnw-j- 
ford, tliencc entering Iiiissouri. The seam averages 40 in. in thickness. It ^ 
is worked at Scammon, Weir, Cherokee, Fleming, Frontcnac, Pittsburg 
Arcadia and Minden. The Kansas coal is high in ash and moisture uA | 
throws olf great volumes of black smoke in burning. It is high in pyrit«^ 
wherefore the ash clinkers badly, often forming a liquid slag which drip» ti 
through the grate bars. Because of the high sulphur content iron grate 
bars are rapidly corroded unless water-cooled. TJiis coal has not given 
cessful results in gas firing; at least not in the early attempts in 
smelting at Pittsburg, Kan... and Rich Hill, Mo., where, however, the Tiif 
satisfactory results may have been due largely to the imperfection of tt^ [ 
system employed- 

The anthracite coal of eastern Pennsylvania is in calorific power one t& \ 
the highest grades of coal that is known, haring a heating value of 14,600 to 
14,800 B.T.TJ. per lb. of combustible. The bituminous coal of northtm 
and southern Illinois and Kansas is very inferior as compared with the 
bituminous coal of western Pennsylvania, Wales and Belgium, having a 
heating value of only 13,500 to 14,800 B.T.U. per lb. of combustible; and 
being generally rather high in ash and moisture, its relative practical value 
is only about 6(1% of that of the semi-bituminous coal of Pennsylvania 
which is taken as the standard in the United States. In reckoning the 
advantages of different smelting districts it is highly important to bear in 
mind the relative efficiency of the coal available, since a good deal more 
work can be done with some kinds than with others. 

The zinc smelters of northern Illinois employ gas firing and conBf- 
quently run of mine coal, which the modem practice in gas firing has proved 
to he preferable to the use of slack and inferior grades of coal. The value 
of run of mine coal at Lasallc and Peru in 18E>9 was $l(^$l-50 per 2,000 
lb. The Matthiessen & Hegeler Zinc Co. mines its own coal. The smelteiB 
of southern Illinois and Ivansjis as a general thing use slack coal, which in 
18f9 cost $0-35@$0-60 delivered at their works. In 1900 there was a great 
rise in the value of coal, especially in Kansas, where the same class which 
had previously been available at about $0-50 per 9,000 lb. delivered oonld 
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B contracted for unOer $0-75. Kuu of mine coal whicb in 1899 
Forth $1@$1-10 per ton at Pittsburg. Kan., in 1900 rose to $l-^0(At 
riie common kinds of southern Illinois coal at tlic end of lOUO c 
ll*10@$l-20 for run of mine delivered at East St. LouIb. 

Natural-Gas Supply. — The competition of the naturnl-Kas emcitcrs of Ii 
nd Cherryvale, Kan., has now rendered zinc smelting wilh coaUllred ( 
aces in Kansas and Missouri largely a thing of the past. Tlic natural | 
nder existing circumstances is almoet a costless fuel, the sihcUits Uing o 
t the expense of putting down the wells and piping the gas to their fun 
he cost of maintenance being very small so long as the gas pressure con- 
innes high. Some of the smelters, however, have made large outlays for 
equiring gas lands and consequently are burdened with interest charges and 
entalsj which are of course properly debited to the cost of the gas, but so 
!ar at least the smelter who has been in possession of a 10-acro lot witli a 
|)roducing gas well has been about as well off as one who has acquired 10,<.IOO 
icres of land, inasmuch as wells which produce gas draw directly from th« 
subterranean reserroirs without respect to land djvisional lines. As the 
gas flow from a single well diminishes, however, the advantage of having a 
large area from which to draw by means of other wells becomes apparent, 
wherefore the more prudent smelters have ac(|u!red extensive gas rights. 
The rapidity with which such inveBtments should be written off for re- 
demption out of the profits of the smelting is necessarily an extremely un- 
certain element. The experience in Pennsylvania and Indiana has demon- 
strated that natural gas becomes more and more costly as the supply is 
exhausted, wherefore prudence would indicate that the resources of Kansas 
should be used economically. 

The natural-gas field at lola, Kan., is comparatively small in area. ItB 
length in an east and west line has been demonstrated by the drill to be 
about seven miles, its breadth being about three miles. The gas rock which 
lies at a depth of 800 to 1,000 ft. below the surface is a sandstone of medium- 
sized grain, the stratum having an average thickness of 20 to 25 ft. Accord- 
ing to Edward Orton, State Geologist of Ohio, who studied the geological 
structure of the lola gas field in 1898, its gas-bearing formation is of the 
Tiwrvoir type, as distinguished from the slmle-gas type. The characteristics 
of the reservoir type are : (1) Large flows of gas from single wells, voliunes 
amounting to tens of millions of cubic feet per day being known; (9) ap- 
proximately the same pressure in the wells tapping the rock, irrespective of 
their widely differing volumes ; (3) accompaniment of the gas by petroleum 
ti which is associated water, usually salt water. The gas of these porous 
"" r comes to a sudden end, says Professor Orton, oil comes in j 
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\ tnd fiUfi Ihf pifK* or mU v»\cr shuts «ff tbv gas "Uki* a light blown ^^^il 
a gust of wind." tJnly l»v constant care and attention in removing" ^ 
sabetanctv from the pipes can tho life of the well be maintained, especi 
itfl later stages. 

At the time wlun I'roft's^r Orton niade his examination upward C 

I dozen wells Iiad lieen drilk-d in tlie field, their production ranging 

P2,000,OOU to more than 10,000.000 cu. ft. per ^4 hours. There weri 

a dozen of the number producing about 7,000,000 cu. ft. per 24 hours a, 

p The rock pressure of the field was 325 lb., with an outside range of 5 -i* 

I n single well. A httle oil had been found, mainly on the western boi 

of the field and at a lower depth than the gas. Salt water occurred 

Loth gas and oil, but up to that time had not proved aggressive; the 

to which it rose had not been determined, but was less than several hi 

feet.' 

So long as the pressure of a natural-gas supply is adequate to 
delivery of the rerjuisite volume of gas, the only expense for the latter 
the rental of the land, and the first cost of putting down the wells and piping 
the gas to the point of consumption. As the pressure diminishes, however^ 
it becomes necessary to put down more wells in order to obtain the same 
Tolume of gas at the reduced pressure; more and longer pipe lines must be 
Jaid; and eventually 4he wells must he pumped. Under those conditions thft 
gas begins to assume a positive cost, which increases gradually as the supply 
falls off until the point is reached where it becomes more expensive than coal^ 
after which it can be considered only as a luxury or as an industrial fuel for 
purposes in which the cost is a minor consideration. Tliis stage in th» 
history of natural gas has already been reached in western Pennsylvania and 
Indiana. At Pittsburgh, Pcnn., the cheaiK-st gas furnished in large quantities 
for metallurgical purposes in the autumn of 1899 commandetl Sc. per 
. ft., at whicli price it was more expensive tlian gas made artificially 
the local coal. With modem gas producers and run of mine coal coi 
$0-80@$0-85 per 2,0no lb., which was the average cost of coal at Pittsbi 
at that time gas could be made artificially for 2-5c. per 1,000 cu. ft. of c< 
L bustible, and reckoning 2 cu. ft. of combustible in that form as being'cqual; 
H calorific power to 1 cu. ft. of natural gas' the latter would have had to 

■ obtainable at 5e per 1,000 cu. ft. to be at a parity in so far as actual 

■ is concerned. A coal cost of $1 per ton would raise the cost of the combi 
H hie in producer t^s to 2-8c. per 1,000 cu. ft.. pr|uivalent to natural gas at 

I' 
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5-6c. The producers of natural gas in Pennsylvania and West Virginia 
bay that the actual cost of the gas to them at points near the wells is now 
about 5e. per 1,000 cu. ft. It has that cost because of the expense of their 
land leases, the cost of drilling the wells, the cost of piping the gas to points 
of consumption, the cost of pumping and the cost of maintaining the supply 
J by means of new wells and additional pipe lines as it becomes exhausted by 
. consumption. The drain on those fields is so great that the expense for 
maintenance is a large and constantly increasing charge. The experience in 
the Indiana gas field has been similar, and the zinc smelters who located 
■ there in 1892 have been for several years short of gas, to the great impedi- 
I ment of their operations. The gas which they now obtain is said to cost 
[ tkm 4@5c. per 1,000 cu. ft. Both at lola, Kan., and in the Indiana 
gas field the original pressure was greatly inferior to that which was regis- 
tered in western Pennsylvania and West Virginia. In Indiana the original 
rock pressure was 325 lb., or about the same as at lola, Kan. In 1896, after 
10 years^ drain from the field, the rock pressure was 220 lb. ; in 1897 it was 
only 195 lb. The average diminution in pressure in Indiana in recent years 
lias been 20 lb. per annum. The wells in Indiana cease to be serviceable at 
100 lb. pressure. 

r Besides the lola field natural gas has been found in Kansas at numerous 
isolated points in a southerly direction from lola ; Independence and Cherry- 
vale being the extreme southern extensions at the present time. There are 
zinc smelteries now in operation at Cherryvale and at Neodesha. The loca- 
tion of these various gas fields is shown by the map on page 184. 

Character of the Zinc Ore Smelted in the United States, — The smelters of 
^ew Jersey and Pennsylvania use only the willemite produced in New 
Jersey ; those of Virginia use only the calamine mined in that State, together 
with a Httle obtained from Tennessee. The Indiana smelters obtain their 
supply of ore from Wisconsin, Tennessee, and from the Joplin district ; they 
smelt chiefly blende. The large smelters of northern Illinois derive the most 
of their ore supply from the Joplin district, but get a considerable quantity 
from Wisconsin and a small quantity from Iowa; they use chiefly blende. 
The smelters of the St. Louis district are also dependent chiefly upon the 
Joplin district. The Kansas smelters obtain by far the more part of their 
ore supply from the Joplin district, using both blende and calamine, but 
recently have been getting some ore from Colorado, which although of in- 
ferior quality to the Joplin ore has been found to give good results when 
properly mixed and offers the advantage of being obtainable at a much lower 
cost than the Joplin ore. The great zinc ore supply of the Western smelters 
is the Joplin district, where the chief part of the output is a concentrated 
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drcwcd to a eluidanl of tiO% Zd and containing as a general 
Um than 2% Fe and 1% Pk U U the highest graOi? of zinc sulphide 
produced anj-where in the world and because of its excellence comi 
natnrally a high price. 

Cott of Iltf factory Maitrial. — The smelters of Kansa^i, the St. Louia 
trirt and northern Illinois all nse lire clay dug at Cheltenham, a division 
St. Louis, for the manufacture of their retorts, no other material havii 
been found so well adapted for lliat purpose. This clay costs $1@$1' 
f.o.b. care at the pits. The freight rate from St. Louis, ilo., to Pittsbi 
Kan., is $'^ per ton, making the cost delivered at works at the latter ph 
$3@$3-50 per ton. This is for raw unmilled clay. Chamotte, or cement 
it is commonly called in Missouri and Kansas, costs $4(g $4-50 per ton delil 
ercd at the smelteries in Kansas- The Kansas smelters and most of those- 
in Illinois employ St, Louis fire brick, of which the ordinarj- kind costs $13 
per M. at St. Louis; a medium grade is obtainable at $16 piT M., while the- 
highest grade commands $25 per M. The freight rate on fire brick from St. 
Louis, Mo,, to Pittsburg, Kan., is $S per ton — ^i.e., $6-50 per M. Fire briek 
blocks and the special shapes required for relining furnaces cost $9@$10 per ' 
ton at St. Louis, the freight rate to Pittsbiirg, Kan., being also $2 per toil. 
The smelters of New Jersey and Pennsylvania use clay from Cheltenham, 
Mo., and from Woodbridge, N, J. 

Wages of Labor. — At Pittsburg, Kan., the general rate of wages for com- 
mon labor is $1-25 per 10 hours. Cokemen get $1-50 and hrickmasons $4. 
The wages of smiths and mechanics are about as in other parts of the 
United States. Carpenters receive less, generally $l-50@$2. On the dis- 
tillation furnaces the brigadiers are paid $4-50@$4-70 per double shift of 
24 hours; 'long shifts" $3-60@$3-80 per double shift; "short shifts" 
$l-30@l-i0 per single shift. 

At lola, Kan., common labor is paid tiie same as at Pittsburg, namely 
$1-35 per 10 hours. For work on the distillation furnaces, Ijrigadlers 
or firemen receive $2-50@$3-75; chargers, $3-30; metal drawers, $3-35; 
helpers ■$1-40@$1-G0, these rates being per shift of 12 honrs in each case, 
except in those where the daily work is finished in a shorter time. 

In New Jersey, Pennsylvania and Indiana the fumacemen receive less 
than in the West. In Indiana chargers are paid $l-90@$2-00 per shift of 
12 hours; 'Hong shifts" get $1-75; "short shifts" $l-25@$l-35; metal 
drawers $1-50; ash wheelers and general laborers $1-25. 

Centralization of the American Consumption of Spelter. — Although the 
rinc-producing industry of the United States has so far escaped the tend- 
ency toward consoUdation of inturcsts to the same degree which has been 



PRESENT ECONOMIC CONDITIONS. 



47 



jed in many other branches of American industry, both the productive 
ipacity and the consumptive demand for spelter have been centralized in a 
ng manner. Upward of 50% of the consumption of spelter in the 
nited States is for the purpose of galvanizing iron, which business is now 
duefly in the hands of the constituent companies of the United States Steel 
Corporation.^ The manufacture of sheet zinc is in the hands of four 
fompanies.^ The manufacture of brass in Connecticut, which is the prin- 
jripal center of that industry, is controlled by one company. The con- 
fomption of spelter for use in the desilverization of lead is also chiefly 
in the hands of one corporation.' It is safe to say, therefore, that 75 or 
80% of the demand for American spelter now comes from seven corpora- 
tions. On the other hand the production of spelter has also been cen- 
tralized, practically the whole of the active smelting capacity being now 
-divided among seven strong concerns. What will be the eflfect upon the 
American zinc industry of this concentration of demand and supply it is too 
early to forecast. 



*The United States Steel Corporation 
ttnough certain of Its constituent com- 
ptsies controls the Edgar Zinc Co. and the 
CHrard Smelting Co., which together pro- 
dace about 25,000 tons of spelter per annum. 

'New rolling mills have been bnllt in 
1901 by the New Jersey Zinc Co. and Lan- 



yon Zinc Co.; they will be in operation in 
1902. 

"The United States Zinc Co., which is 
affiliated with the American Smelting and 
Refining Co., has planned to build a zinc 
smeltery at Pueblo, Colo., during 1902. 
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Zinc, which tn English-epc'akiiig conntriei U coiumonh- known ifl^ 
under the name of spelter, is used in the arts for a great varietj 
pupoees. Boiled into sheets it is employed in architecture for roofi 
buildings, water tanks, conduits, etc. Alloyed with copper, in varj 
proportions, it forms the valuable compounds, brass and bronze, w 
its combinations with other metals find various uses in the arts. Iron di| 
into the molten metal becomes coated with it and is thereby protected aga 
oxidizing agents ; large quantities of spelter are used in this operation, wl 
is called galvanizing; it was first patented by Crawford in 1837. 
oxide of zinc, produced either from the metal or directly from the 
forms a white pigment which is second in value only to white lead, 
is extensively employed.* A large quantitj- of zinc white is used by 
rubber trade for admixture with the gum in the preparation of many artii 
Most of the zinc produced in the world is used in these ways, but i 
siderable quantities are consumed in galvanic batteries ; in photo-engraij 
in plates hung in boilers to prevent the formation of scale; for dcaily< 
ing lead bullion; for precipitating gold in the cyanide process; in 
form of powder (known variously as zinc gray, zinc dust, blue pow 
etc.) as a reducing agent in organic chemistry (especially the roduc 
of indigo blue) and as a paint for iron ; and in the preparation of mirnei 
salts, of which the most important are the chloride, employed as a prese 
tive for wood, and the sulphate, employed in medicine, in dyeing, in 
manufacture of glue and in the preparation of a zinc-barium white know 
lil.liophone. 

Itemization of the Consumption of Spelter. — There are no statistics c 
jiiled regularly as to the consumption of spelter itemized according to i 

' Oplnlnna dllTcr aa to tbe rclntlre latue certain proportion at barjt?« Is dout 

o( white Ipai! anil ilni- wUUe. I'robably a advantageous. In point of consamp 

millurc ot Ibe two In better tliao either white lead still holila the first place, 

■Uone, and In manj cases the addition of a zinc white la galnlnB rapldlj. 
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;pt in a few of the countries of Europe, where the production of sheet 

ic is reported. A large portion of the production of spelter, l)oth in France* 

Great Britain is rolled into sheet. The Vieille Montagne Company, 

rich operates works in France, besides those in Belgium and the west of 

lany, rolls nearly all of its spelter production, as will be seen by 

ference to Chapter IV. W. H. Seamon stated in the Engineering and 

lining Journal of October 24, 1896, that at that time upward of 100,000 

of zinc sheet were used annually for roofing purposes in Europe. 

Ithough there are no complete statistics to indicate the channels of 

iption, there is no doubt that a larger proportion of the zinc produc- 

of Europe is employed in the form of sheet zinc than is the case in the 

[tnited States. 

In 1892 it was estimated by W. H. Seamon that out of a total consump- 
|tion of spelter in the United States of 78,040 tons of 2,000 lb., the 
lyanizing trade used 35,000; the brass makers 20,500; the rollers of sheet 
lane 15,500; the desilverizers of lead bullion 3,500; while the remainintj 
[3,540 tons were employed for miscellaneous purposes. In 1898, according 
to statistics which I had occasion to collect, out of a total consumption 
of 105,000 tons the galvanizers used about 55,000 tons (52%); the 
F brass makers 24,000 (23%); the rollers of sheet zinc 20,000 tons 
^(19%); the lead desilverizers 1,500 tons (1-5%), and miscellaneous 
consumers 4,500 tons (4*5% ). In The Mineral Industry, vol. VIII, 
it was estimated that of the consumption of spelter in the United States 
in 1899, 50% was used in galvanizing, 15% in brass making, 20% 
in the form of sheet, and 15% for other purposes. The agreement between 
[ those figures and my own for the previous year is very close with respect 
J to the galvanizing and sheet zinc industries. With respect to brass and 
consumption for other purposes, I am disposed to consider that The Mineral 
J Industry underestimated the former and overestimated the latter.^ These 
I Etatistics for the United States, it should bfe noted, do not take any account 

I of the consumption of zinc in the form of zinc oxide for use as a pigment 
and other purposes, that product being made in the United States directly 
, from ores, while in Europe an important part of the spelter production is 

consumed in its manufacture. 
f Sheet Zinc. — In Europe the chief use of sheet zinc is as roofing material, 
for which purpose it is in great favor. It was first employed for roofing 

^According to the statistics of the of a total spelter output of 131,546 tons. 

Eleventh Census, which have been pub- It should be remarked, however, that dur- 

Hshed since this paragraph was put in ing a part of 1899 the production of sheet 

type, the production of sheet zinc in the zinc was considerably restricted by the 

United States in 1809 was 17,723 tons, out abnormal market conditions. 
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in 1811, when the Abb^ Dony, the founder of the Belgian zinc indtn 
his efforts to create a market for the consumption of his small c 
spelter, then practically a new and unknown metal, roofed a ho 
fiheet zinc. During the same year portions of the roof of the church^ 
St, Barthelemy at Liege were covered with sheet zinc. According i 
AV. H. Seamon, botli those roofs were in good condition in 1396.^ 
the Theatre de la Monnaie at Brussels was roofed with zinc and up to the 
time of its destruction by fire in 1855, it is authoritatively stated that 
no repairs had been required. Mosselman, the successor of Deny and the 
founder of the Soei^tS Anonyme de la Vieille Montagne, continued the 
experiments of his predecessor with marked success, and without any special 
effort on the part of the company many of the buildings in Belgiimi, 
France and Gennany were roofed with the metal, to the extent that durii^ 
the year 1836 it is said that upward of 13,000 tons of zinc were used for 
roofing purposes in France, while the consumption in England amoanted m 
to only between 2,000 and 3,000 tons." In 1867 the zinc producers of 
Europe had careful examinations made of the then existing roofs, from the 
observations on which conclusions as to the best method of laying sudi J 
roofs were deduced and workmen were trained to handle the metal properly. ■ 
Since that time there has been a large increase in the consumption of 
sheet zinc for roofing material in Europe, where it is now recognized is 
highly desirable because of its great diu-ability and its economy as com- 
pared with lead and copper. Its comparatively low cost has secured its 
application on structures of all kinds, including such buildings as the 
German Imperial Palace, the University of Bonn, the Berlin Academy 
of Fine Arts, the Cathedral of St. Mary at Duesseldorf, Germany, the H5t«l 
de Ville and the Cathedral de Sainte Clotilde in Paris, the Haymarket 
Theater, Canterbury Cathedral and the Government Dock Yards in England 
In the United States previous to 1890 it is said that there were only three 
buildings roofed with sheet zinc. Probably the number of additions to the 
list between 1890 and 1900 was small, inasmuch as American architects 
and builders are still generally ignorant of the advantages of the matcriaL 

Dimensions and Weight of iSheet Zinc. — In Europe the business of zisc 

roofing is conducted partly by the manufacturers and partly by roofinf 

companies. The sheets are commonly corrugated and stamped at tl» 

_ rolling mills, though some of the roofers cut and stamp their own sheets. 

^H The usual length of these sheets is 7 ft. or 8 ft., but sheets 10 ft. lonf 

^B may be obtained on special orders; in width the regular sheets vary fnai 



and Sanitary Englneerliig, 1833, i 



vary fpM 

J 
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;. 8 in. to 3 ft.^ Sheets of the following weight and thickness are 
mmended for roofing purposes by the Soci^ti Anonjrme de la Vieille 
itagne, which company has had a very extensive experience in this 
ness. 



^^ WMMk 


THICKNESS 


^ Weight 
in pounds 
per sq. ft. 


WEIGHT OF SHEETS IN POUNDS 


vAUSo 


Inch 


Mm. 


33 in. X 72 in. 136 in. X 84 in. 


36in.x96in 


Jo. 13 
Jo. 14 
Jo. 15 
Jo. 16 
Jo. 17 
*o. 18 


0029 
032 
038 
0043 
0048 
0053 


740 
0-820 
0-950 
1-080 
1-210 

1 340 


1-088 
1-200 
1 425 
1 613 
1-800 
1-988 


17 95 
19*80 
23-51 
26 61 
29-70 
22-80 


22 85 
25-20 
29 93 
33 87 
37-80 
41 75 


26 11 
28-80 
34 20 
38 71 
43-20 
47-71 



heet Zinc Gauges. — The thickness of metal in decimals of an inch 
the weight in decimals of a pound per square foot by the conventional 
ges for sheet zinc are shown in the following table : 

WEIGHT AND THICKNESS OF SHEET ZINC, a 





American 


Belgian 


Vieille Montaone 


«e 
[>er 


Thickness 


Weight 


Thickness 


Weight 


Thickness 


Weight 




Decimals 


per sq. ft. 


Decimals 


per sq. ft. 


Decimals 


perpq.ft. 




of an inch 


lb. 


of an inch 


lb. 


of an inch 


lb. 




0-002 


075 


00018 


0068 


0004 


150 


1 
t 


0004 


0150 


00036 


135 


0006 


0-225 


\ 


0006 


225 


00055 


206 


0007 


263 


i 


0008 


300 


0073 


0-274 


0008 


0-300 


i 


010 


375 


00091 


0-341 


010 


0-375 


I 


012 


0-450 


00110 


0-413 


0011 


0-413 


f 


014 


0-525 


00128 


0-480 


013 


0-488 


\ 


016 


0-600 


0146 


548 


0015 


563 


} 


018 


0-675 


0165 


619 


018 


0-675 


) 


0020 


0-750 


0180 


0-675 


020 


750 


I 


024 


900 


0217 


0-814 


023 


863 


s 


0-028 


1050 


0254 


0-953 


026 


975 


) 


032 


1 200 


0290 


1088 


029 


1-088 


1 


0036 


1 350 


0326 


1-223 


032 


1-200 


s 


0-040 


1-500 


0364 


1 365 


0038 


1-425 


s 


0045 


1-688 


00400 


1-500 


0043 


1-613 


7 


0050 


1-875 


0437 


1-639 


0048 


1-800 


I 


055 


2 063 


0478 


1 793 


053 


1-988 


) 


0060 


2 250 


0509 


1-909 


058 


2 175 


3 


0070 


2 625 


0581 


2-179 


0063 


2 363 


I 


0080 


3 000 


0728 


2 730 


070 


2 625 


2 


0090 


3 375 


0764 


2-865 


077 


2-888 


3 


0100 


3 750 


00800 


3000 


084 


3- 150 


1 


125 


4-688 


0896 


3-360 


091 


3-413 


5 


0-250 


9-375 


0992 


3 720 


098 


3-675 


6 


0-375 


14 063 


1088 


4 080 


105 


3-938 


7 


0-500 
1000 


18-750 
37-500 










f( 





















sThe weight of a cubic foot of rolled zinc is 450 lb., whence a sheet 1 in. thick should weigh 37*5 
Yl inch 3*75 lb., and 0*01, 0-375 lb. per sq. ft. The weights in the above table have been com- 
id on that basis. 



Ordinary dimensions of zinc sheets are 
.X2 ft. 8 in. ; 7 ft.X3 ft. ; and 8 ft.X3 ft. 
Europe, sheets of those dimensions are 



made regularly in all gauges from No. 6 to 
No. 26, both inclusive ; Nos. 1 to 5 are rolled 
only to order and of special dimensions. 



The "American" gauge ia also known aa the "Matthiessen & E 
it ia used by the Matthiessen & Hegeler Zinc Co. and the Illinois Zinc Ol 
What I have called the "Belgian" gauge is taken from Notes on BuUdin 
Construction, by Col. V. Smith. The iigiires under the caption "VioBj 3 
Montagne" are taken from a pamphlet distributed by the SociSte AnonynH " 
de la Vieille Montagne at the Chicago Exposition in 1893. 

Directions for J^yiii;/ Shecl. Zinc Hoofs. — As a general rule solder shouH • 
not be used in laying roofs with sheet zinc, since the metal is alwa^ * 
weakened somewhat at the soldered junction, although perliaps not mw a 
than other metals are. The expansion and contraction of zinc being greatt • 
than with other roofing metals, rigid joints should generally be avoided ^ 
There is not, however, any special difficulty in soldering sheet zinc, eicqd ■ 
that a little more care must be taken in wiping and smoothing the joinli ■ 
than with some other metals. The best solder for this purpose la com " 
posed of 33-33% Pb and 66-07% Sn. hut any of the common varieties ml] 
be used. Soldering flux, known as "killed spirits," which is made ^ ■ 
saturating commercial muriatic (chlorhydric) acid with strips of zinc, ij ^ 
applied in the usual way. The nails employed in laying a zinc roof shoul • 
be made of zinc, but since such nails cannot be driven into hard WW ■ 
galvanized or plain iron nails arc sometimes employed, ■ 

Advantages of Zinc Hoofs. — Sheet zinc owes its value for roofing purpose* i 
to its durability, lightness and economy as compared with galvanized iroB, I 
tin plate, lead, copper, slate and tile. Galvanized iron lieing coated witiifc 
zinc should possess theoretically as much durability as sheet zinc anSfc 
less weight for the same strength, together with less first cost, but as i 
matter of fact the union of the zinc and iron effected in the process ol 
galvanizing is ndt sufficiently strong to withstand long the unequal I 
expansion of the two metals, wherefore the zinc coating gradually Bcala 
o£E, exposing the iron, and thus creates an electrical couple, which results 
in the more rapid corrosion of the iron and destruction of the roof, although 
that may be delayed somewhat by frequent and thorough painting. With 
the greatest care, however, 15 years ia a long life for a roof of galvanized 
iron.' The superiority of sheet zinc over galvanized iron was shown in 
the case of the Northwestern Railway station at Birmingham, England, 
which was roofed in 1853 with the latter and was carefully painted on 
both sides every three years and repaired whenever necessary, hut at the 
end of 13 years was found to be so rotten that it had to be removed; it 
replaced by a zinc roof, which still exists in perfect condition and has 
given but little trouble or expense for repairs. The coating of basic zinc 
1 W. IT. S-nmon, loc. cit. 
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3arbonate which forms on the surface of a zinc roof is practically insoluble 
in atmospheric water and thoroughly protects the underlying metal from 
further oxidation by atmospheric agents. A zinc roof of the proper gaugij 
weighs from 125 to 180 lb. per 100 sq. ft., against 800 lb. for lead and 
:opper, 700 to 900 lb. for slate, and 1,500 lb. for tiles. 

Zinc should not be allowed to come in contact with iron, copper or lead, 
since thereby voltaic couples are established, which destroy the zinc, especially 
m the presence of moisture. Zinc should not be laid on wood, such as 
oak, which contains acid and should not be exposed to calcareous water. 
Zinc laid on flat roofs to which cats can gain access are also soon corroded.^ 
Another objection to zinc as roofing material is that in case of fire it ignites 
and blazes furiqusly (Bloxam). 

Methods of Roofing with Sheet Zinc. — Zinc roofs are commonly laid in 
Europe by the "roll-cap^' system, or as corrugated sheets, or as shingles 
(or tiles). In the roll-cap system, which is recommended for slopes of 
not less than 20° and not more than 36°, the zinc in slieets of 6 to 
8 ft. length, usually of No. 13 gauge, is laid upon a board sheathing, coTcr- 
ing the rafters in the usual manner, with battens laid upon tlie slieathing 
from comb of the roof to eaves, parallel with the rafters and spaced at 
regular intervals apart. The edges of the sheets of zinc are turned up 
for about 1 in. against these battens, which are then covered with a roll 
cap of sheet zinc, making the union perfectly water- and weather-tight. 
Corrugated sheet zinc is used in the same manner as corrugated iron, 
but because of the greater flexibility of the metal can be worked more 
easily; on the other hand its inferior transverse strength necessitates that 
when the material is to be laid directly on the roof frame, the purlins must 
be closer together than with corrugated iron of the same weight. When 
corrugated sheet zinc is used on board sheathing, Xo. 13 gauge is sufficiently 
heavy, but when no sheathing is employed, a heavier gauge (up to No. 18) 
should be used. Zinc shingle roofs are adapted to all slopes greater than 
10** and are considered to give the best results obtainable by the employment 
of zinc for roofing material. The shingles or tiles are made in square, 
hexagonal and diamond shapes. When used on dwelling houses they are 
made of No. 13 gauge zinc and are usually 10-5, 13-5 or 17-5 in. square. 
For use on large roofs they are made 23-5 and 29 in. square. These 
shingles are folded over on their edges so as to engage with the succeeding 
overlying ones of the next row, the method of laying being the same as 
with ordinary board shingles — i.e., in rows beginning at the caves and pro- 
ceeding upward to the comb of the roof. 

'Col. V. Smith, Notes on Building Construction, vol. Ill (Bivingtons, London). 
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Cost of Roofing with Zinc. — The Society Anonyme de la VieiUe Mont^ 
pves tho following data as to the roof surface which can be covered on On 
average by an experienced zinc worker, with a helper, in a day of M 
hours: ordinary roU-eap system, 170@190 sq. ft.; ordinary cormgaUd 
sheet zinc, 210 sq, ft.; patent corrugated sheet zinc, 190 sq. ft.; di^ 
mond-shaped zinc tiles, 110 sq. ft.; IIXH in. square tiles, 130 sq. ft.; 
13%X133/8 in., 150 sq. ft.; 17X17 in., 180 sq. ft.; 2314X83% 
in., 190 sq. ft.; fish scales, 100 sq. ft.; flat roof, sheets divlM 
from each other by sunken gutters, 170 eq. ft. ; wall facing, imitation of 
brick, 140 sq. ft. ; wall facing, imitation of stone, 170 sq. ft. These Sgana 
represent work on medium-sized surfaces, with the average number of 
chimneys and other interruptions o! the roof's continuity. On large roofe 
the figures can be increased considerably over those specified above, while 
on roofs with more than the average number of interruptions the figoiet 
will be decreased. 

COST OP ZINC HOOPING. 
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lublB ribbed .,.,a 










rj- 





Ela 



9 per squnre. 7-44. 



COMPARATIVE COST OF VARIOUS ROOFS fNDER AMERICAN CONDITIONS (IS«). 
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Tin. 
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Copper. 
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The above tables are due to W. H. Seamon, who computed the cost of zinc 
'roofing on the bases of value of $4*03 per 100 lb. for sheet zinc in Europe 
and $5-75 per 100 lb. at New York. In estimating the cost of laying zinc 
roofs in New York, the European prices for the same work were assumed 
as bases and were increased by 50%. 

In the item for repairs on the tin roof, it was assumed that it would 
last 30 years, provided it were painted every two years, at a cost of $0-75 
per sq. ft., but no allowance was made for the re-soldering of the tin 
roof which is occasionally necessary, a similar re-soldering being required in 
the ease of zinc roofs. At the expiration of 30 years the tin roof as well as 
the galvanized iron roof must be renewed; the slate roof may possibly b«» 
good for another 30 years, but the zinc roof will be good for 50 more at 
least. It is proper to take into consideration also that sheet zinc has a 
direct value as old metal when it is necessary to replace it, or in case of 
demolition of the building, which is not possessed by tin plate, galvanized 
iron, slates or tiling. Another important advantage over slate and tile roofs 
is that in many buildings the roof framing can be made lighter. 

Employment of Zinc Plates to Prevent Boiler Corrosion, — Weakening 

of the plates by corrosion is one of the greatest dangers to which boilers 

are liable. Various methods are used to prevent it. One of the best has 

been found to be the suspension of zinc plates in the water in the boiler 

by wires or rods soldered to the upper part of the shell, so as to make an 

electrical connection. The zinc plates thus suspended in the corrosive water 

form with the steel plates of the boiler a galvanic battery, and the zinc being 

gradually consumed, the steel is protected thereby. In Europe especially 

this is a favorite method of preserving steam boilers and a considerable 

quantity of zinc is consumed in connection with it. The manner in which 

the zinc is employed was described in a report of the Committee on Boilers 

of the Institution of Mechanical Engineers in 1884 as follows : 

"Of all the preservative methods adopted in the British service, the use 
of zinc properly distributed and fixed has been found the most effectual in 
saving the iron and steel surfaces from corrosion, and also in neutralizing by 
its own deterioration the hurtful influences met with in water as ordinarily 
supplied to boilers. The zinc slabs now used in the navy boilers are 12 in. 
long, 6 in. wide, and 0-5 in. thick; this size being found convenient for 
general application. The amount of zinc used in new boilers at present 
is one slab of the above size for every 20 i. h. p., or about 1 sq. ft. of 
zinc-surface to 2 sq. ft. of grate-surface. Eolled zinc is found the most 
suitable for the purpose. To make the zinc properly efficient as a protector 
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especial care must be taken to insure perfect metallic contact between th |P 
slabs and the stays or plates to which they i^ attached. The slabs shoidi I ^ 
be placed in such positions that all the surfaces in the boiler shall be pnh ■ ' 
tected. Each slab should be periodically examined to see that its connection 
remains perfect, and to renew any that may have decayed ; this examination 
is usually made at intervals not exceeding three months. Under ordinair 
circumstances of working these zinc slabs may be expected to last in fit 
condition from 60 to 90 days immersed in hot sea-water ; but in new boilers 
they at first decay more rapidly. The slabs are generally secured by 
means of iron straps 2 in. wide and % in. thick, and long enough to reach 
the nearest stay, to which the strap is firmly attached by screw-bolts.^' 

Steam engineers are not unanimous, however, with regard to the efficiency 
of zinc as a preventive of boiler corrosion. Some consider that zinc is not 
only of no use, but may even be harmful. In an article concerning this 
subject the Locomotive stated that in one case a tubular boiler had beoi 
troubled with a deposit of scale consisting chiefly of organic matter and 
lime. Zinc was tried as a preventive. Its beneficial action was so obvious 
that its continued use was recommended, with frequent opening of the 
boiler and cleaning out of detached scale until all the old scale should 
be removed and the boiler become clean. Eight or ten months later the 
water supply was changed, the new supply being supposed to be free from 
lime and to contain only organic matter. After two or three months the 
tubes and shell of the boiler were found to be coated with an obstinately i 
adhesive scale, composed of zinc oxide and the organic matter or sediment 
of the water used. The deposit had become so heavy in places as to cause 
overheating and bulging of the plates over the fire. 

The experience cited by the Locomotive should not be considered as 
evidence why zinc should not be used to prevent boiler corrosion^ but merely I 
as indicative that the use of zinc may not be advisable with all kinds of 
water. The experience in Europe and elsewhere has demonstrated the 
general efficiency of zinc for this purpose, but there are exceptions to 
all generalizations and the failure of zinc to act in boilers as desired 
should not be ascribed to inefficiency of the principle, but on the contrary to 
the lack of preliminary investigation as to the conditions under which it 
was to be applied. 

Consumption of Sheet Zinc in the Cyanide Process of Oold Extraction. — 
The metallurgical works of the West which employ the cyanide process for 
extraction of gold consume a considerable quantity of sheet zinc, which is 
prepared by the rolling mills in the form of disks, 12 in. in diameter, with 
a 1-in. hole in the center, these disks being made usually of zinc of No. 9 
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gauge. A 12-iii. disk of that thickness weighs about half a pound. They 
idl at the rolling mill for about 2c. per lb. above the price of prime Western 
rpelter. 

The cyanide works use such disks for the preparation of zinc shavings, 
inrning off by means of a suitable lathe threads or minute ri))bon8 of 
netal approximately 04 mm. in thickness and 0-5 mm. in width. The 
oiethod of preparing such shavings is described in detail in a paper on the 
^Precipitation of Gold from Cyanide Solutions^^ by myself in The Mineral 
Industry, IV, 331. Theoretically 1 lb. of zinc should precipitate about 
6 lb. of gold ; practically from 5 oz. to 1 lb. of zinc are required for every 
ounce of gold recovered. Zinc is sometimes employed in the form of zinc 
dust instead of shavings. At Deloro, Canada, where zinc dust was used 
the consumption averaged 0*54 lb. per ounce of fine gold recovered on a 
month's test. The consumption of zinc in connection with the cyanide 
process is frequently overestimated. The total production of gold by the 
qranide process in 1897 was estimated by G. T. Beilby as follows:* 
Africa, 825,000 oz. of bullion; Australia, 308,000; Xew Zealand, 263,000; 
United States, 190,000; India, 18,800; Mexico, 10,200; other countries, 
5,000; total, 1,620,000, equivalent to 1,215,000 oz. of fine gold. Estimating 
the zinc consumption at 1 lb. per fine ounce, a high figure, the total 
requirements in 1897 would have been only 1,215,000 lb.=607-5 tons. 

Miscellaneous Uses of Sheet Zinc, — The production of sheet zinc in 
the United States is consumed chiefly in the manufacture of miscellaneous 
articles, such as washboards, linings for refrigerators, floor sheets for stoves 
to stand upon, covers for preserve jars, bath tubs, etc. Special sheets 
are prepared for the use of paper and card makers, who require them for 
glazing purposes. The American rolling mills also have a large trade in 
the manufacture of plates for the use of etchers and lithographers, and 
in the art of zincography; there is a considerable consumption of rods and 
plates of zinc in connection with galvanic batteries. More or less sheet 
zinc is used in the building trade for chimney flashings, roofing piazzas, etc. 

Boiled zinc can be chased, punched and stamped in many useful and 
jrnamental forms required for ceilings, moldings, friezes and other archi- 
ectural purposes. Some sheet zinc is consumed in lining packiDg cases for 
valuable and perishable goods ; also for lining coffins. The metallic f ounda- 
ions for cloth-covered buttons are now made almost entirely of stamped 
line. Of the many small articles made of Jiheet :inc nention of water cans 
»nd buckets, sprinkling pots, oil cans, stair Ireads, 'oal cutties and toys 
Uustrates the manifold uses of .he nietal. It *s 'mportant to loie, lowever, 

iJoum. Soc. Chem. Ind., Feb. 28, 1898. 
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that in many of these lines of consumption, where durability against weftther 
or iionie other especial re(iuirement is absent, zinc is not indispensable and 
merely takes the place of some other metal, wherefore the demand for it 
is subject to a sharp restriction when the price of zinc rises above a certain 
figure. This was experienced by the rolling mills in a striking manner 
(luring the period of abnormally high prices in 1899. i 

Zinc Castings. — Zinc is well adapted for ornamental castings, being 
capable of taking very sharp impressions of the most delicate lines and 
molds, and small quantities of the metal are employed for that purpose. 
Many of the statuettes and other ornaments to be seen in house furnishings 
jire -eoiiii)osed entirely of zinc, being plated subsequently with silver or 
copper under the designation of "white bronze/' Monuments cast from 
s])elter are made to some extent in the United States, a sand blast being 
employed to give their surface a pleasing dull finish; ^uch monuments are 
claimed to be highly durable and capable of very artistic treatment, and 
are cheaper than stone monuments. 

Consumption of Zinc in Brass Making. — ^After the galvanizing and 
slieet zinc industries the manufacture of brass is the most important channel 
of consumption for zinc. Brass is employed chiefly in the form of castings, 
sheets, wire and tubes. In preparing brass castings the metal previously 
melted in a criicil)le is poured directly into the mold, which is formed 
in a free, fine-grained sand of uniform character and contained in 
a sectional box of wood or cast iron, of which the parts are held together 
by clamps. The uses of cast brass are so manifold that it would 
be futile to undertake to enumerate all of them. The manufacture of 
electrical apparatus is a highly important channel of consumption. 
Large quantities of cast brass are employed in naval construction. 
Bolls, gas fittings, cocks and plumbers' supplies, and many small ar- 
ticles required in architecture and building call in the aggregate for a 
large supply of brass. Sheet brass is employed for the manufacture of 
j)lates intended for sheathing purposes, for wire drawing, and for stamped 
work and jointed -tubing. Many useful and ornamental articles which 
were formerly produced by casting are now more cheaply and expeditiously 
made by stamping out of sheets of rolled brass. Tubes are made from sheet 
brass by bending strips of the latter to the proper gauge and shape and 
soldering the junction. Tubes are also made by drawing down short, 
thick, cast cylinders of brass to the desired gauge and thinness. The 
consumption of brass in the form of Muntz's metal, a variety which contains 
a high percentage of zinc, fell off largely when ships ceased to be sheathed, 
but a new demand developed in the electrical industry. To some extent 
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the demand for brass, and consequently for the zinc which is consumed in its 
xnannf aeture, is governed by the same conditions which affect the demand for 
copper. 

In rolling brass the metal is melted and cast into broad flat molds of 
iron, which are rubbed with oil and powdered with charcoal before being 
used. The ingots for rolling, termed "strips/^ are in the cold state passed 
successively between steel rollers of large size, which squeeze them out and 
extend them lengthwise. As often as necessary the sheets are annealed 
in a mufiBe or reverberatory furnace, being allowed to cool after each 
annealing. After pickling in acid the sheets are finished by passing through 
a set of highly polished rolls. Muntz^s metal can be rolled hot, wherefore * 
it is more cheaply and expeditiously prepared than ordinary sheet brass. 

Use of Zinc for Desilverizing Lead. — Zinc plays a highly important 
part in the modem metallurgy of lead by virtue of its ability to rob the 
latter of gold and silver, forming an alloy therewith which can be readily 
removed. So perfect is this property that the last traces of both gold and 
silver can be recovered if desirable, although in practice it is not economical 
to desilverize the lead below a tenor of 0-1 oz. per 2,000 lb. Besides 
removing the gold and silver, zinc also combines with whatever copper and 
tellurium may be contained in impure lead, which elements are not com- 
pletely separated by any process of "softening'^ or liquation, and thereby 
enables the production of purer metal than is otherwise obtainable. This 
property of zinc finds application in the Parkes process of desilverizing 
lead, which has now almost entirely displaced the older methods of cupella- 
tion and Pattinsonizing. 

In the Parkes process a certain quantity of zinc in the form of the 
ordinary slabs is stirred into the gold- and silver-bearing lead in a largo 
iron pot. The zinc coi?ibines with the gold and silver, forming a mushy 
alloy, which is removed by skimming, the lead being left practically free 
from gold and silver after repeated "zinkings," three to four repetitions 
being usually necessary. The quantity of zinc required varies according to 
the purity of the lead and increases with the percentage of silver present. 
The quantity is computed by Eoswag^ by the formula : 

Z=il0-39+0-035T=Z^23.32+0-223T^ 
in which 

Z=quantity of zinc required in kilograms per metric ton and Z^=quantity 
in pounds per 2,000 lb. 
T=grams of silver in 100 kg. lead and T^=ounces troy of silver per 2,000 lb. 

In practice, lead containing 0«1% Ag requires about 1-34% Zn, and lead 

^La IMsargentation de Plomb, Paris, 1884, p. 241. . 
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containing Ifir Ag rt-^uirer alrom 2-5% Zn. By distillation the zinc is 
f] riven out of the gold-*ilver alloy, learing the gold and silrer behind in lie 
retort and restoring th*- zinc, minus a certain loss, for use again. The adnil 
fronsumfition of zinc in dt'>ilvering lead containing 1% Ag is about 0*65^ 
to \^c of thv lea«3 dfsilverize<L Although the production of lead has in- 
cr*;ased largely during the last 10 years the consumption of zinc for its desil- 
verization has not incn-ased because of the great economy in the use of the 
latter which has Ijeen etf»*cted by means of the Howard stirrer and press and 
similar devices. 

The zinc employe*! for the desilveiization of lead should be low in iron. 
H of man found* in experimenting with cheap zinc containing iron, obtained 
from galvanizing works, that the desilverization process was so retarded and 
the quantity of impure zinc required was so great, that no saving was 
effectf.'fl by the use of the inferior material. Jemegan recorded a similar 
experience;- and Foehr stated that in using a spelter which contained 2-75% 
Pb, 0-01% Fe. 0-OT7% Cu, and traces of tin, arsenic, antimony, cadmium, 
sulphur and carbon, four times' the quantity of zinc usually required had to 
]>e added in order to effect a proper desilverization.' 

Use of Zixc ix Galvanizing. — The uses of galvanized iron are so mani- 
fold and well kno\\'n that it is unnecessary to refer to them specifically in a 
treatise of this kind. The subject falls anyway rather into the domain 
of structural material than into that of the metallurgy of zinc. The zinc 
smelter is interested in it only so far as it affects the marketing of his 
product. In general the zinc consumed in galvanizing is employed fo>4lie 
production of a protective coating on iron and steel, which may be applied to 
any article of such size and shape that it can be dipped into the galvanizing 
hath. Another limitation is that the article to be galvanized is not to b« 
CA'posed to the action of liquids or vapors which would corrode the coating of 
zinc. Galvanizing is employed j/robably to the largest extent in coating pipes 
or tubes and sheet iron or steel, plain or corrugated. Galvanized corrugated 
iron constitutes one of our most valuable building materials. 

Zinc Dlst. — A considerable quantity of zinc is consumed in the arts in 
the form of zinc dust, zinc gray, or indigo auxiliary, being known in the 
trade by all of those terms, which is obtained as a by-product in smelting. 
Zinc dust is employed chiefly as a reducing material in dyeing, whenice its 
nairio of ^^indigo auxiliary." It is employed to a less extent for the prepara- 
tion of a paint for covering iron, and for the precipitation of gold in the 
cyanide process for the extraction of that metal. 

1 MetaUurgy of Lead, 5th edition, p. 430. * Trans. Am. Inst. Min. Eng., II, 288. 

• Herg- u. Iinttenm. Ztg., 1888, p. 28. 
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Zing White. — In Europe a considerable quantity of spelter is employed 
tor the production of zinc oxide or zinc white ; in the United States that sub- 
stance is made directly from ore. Zinc white is consumed chiefly as a 
pigment; either alone or in admixture with white lead or bar)'te8. It has 
excellent covering capacity and possesses the advantage that it is not dis- 
colored by vapors containing sulphureted hydrogen, wherefore it is e8p<.»cially 
valuable for use inside of such buildings as are lightwl l)y ordinary 
illmninating gas, which is always likely to contain traces of sulphureted 
hydrogen. Besides being used as a pigment, zinc white is employed exten- 
sivdy in the manufacture of rubber goods. 

Othek Uses of Zinc. — Most of the chemical compounds of zinc which 
are used in the arts are derived from metallic zinc. Of these zinc sulphate 
and zinc chloride are employed to a considerable extent, the consumption of 
each amounting to several thousand tons per annum. Zinc sulphate is made 
in considerable quantity in Germany directly from ore, and in the United 
States to some extent from a zinky by-product recovered from spelter that 
has been used for the desilverization of lead. The zinc chloride of com- 
merce is derived entirely from the treatment of metallic zinc with chlor- 
hvdric acid. 

Limitation of the Use of Zinc. — Notwithstanding the important 
applications which zinc finds in the arts it cannot be considered an indis- 
pensable metal, like copper for example, wherefore its price is limited; that 
is to say if the price rises above a certain figure the consumption is 
immediately restricted. This was demonstrated in a striking manner in the 
United States in 1899 when the price of spelter rose to 7c., New York, and 
was for a long time higher than 5c. At those figures the consumption of 
spelter was much restricted, especially in the sheet zinc and galvanizing 
industries. With respect to the latter there is a certain difference between 
the price of black, painted corrugated sheets and galvanized sheets at which 
the consumer gives the preference to the galvanized, but when that difference 
is exceeded he will take the pal. ted sheets instead. The difference in 1899 
exceeded ihe parity of choice, wherefore the demand for galvanized sheets 
Pell off. In the sheet-zinc trade a high price for zinc leads to the use of other 
tnetals as substitutes. In the zinc-white trade it increases the difficulty of 
?ompetition with white lead, if the price of the latter ha not high in pro- 
lortion, and in any case gives headway to the use of barytes and other 
nferior substitutes. Except for the manufacture of brass there are few 
mportant uses for which zinc is an absolutely indispensable metal, and its 
)rice is therefore limited to the point at which consumers will give it the 
hoice in preference to substitutes. With a price for spelter of 4@5c. per lb. 
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at New York there on^t to be a large oanBimqiiian at an increuaiignteoii- 
refEponding to the industrial derdopment of fhe oomifcry. A prioe of 5c pa 
lb. or over cannot be eiipected except for short periods when there may bei 
brisk demand and a shortage in the supply ; at least not under the exisdnj 
conditions of abundant ore supply and dieap foeL The average pik 
for the 10 years, 1891-1900, was 4-3ec at New York, aoeording to d 
quotations of The Mineral Industry, and 4-16e. at London, aeeording to tii 
statistics of Henry B. Merton k Co^ xedneed to U. S. enrreney at par ( 
exchange. 



r 



IV 
STATISTICS OF PBODUCTION AND PRICES. 

In a study of the economic conditions of the zinc industry of the world 
an investigation of the statistics of production and consumption and price 
is highly important. In the present chapter I have collected all the available 
■ statistics of a general character, most of which are derived from the official 
sources, partly by direct reference to the original authorities, and partly 
from the compilations of The Mineral Industry, which are, however, taken 
from the various official publications with the exception of the 
statistics of production in the United States, . which are based upon 
direct reports from the producers. In making this acknowledgment 
to The Mineral Industry I do not, however, seek to thK)w off responsibility 
for the accuracy of the work here presented, inasmuch as I have in many 
cases introduced figures which do not appear in the tables of that publication. 
JVee use has also been made of the excellent and highly valuable statistical 
compilations of the Metallgesellschaft of Frankfurt am Main, which is rep- 
resented in the United States by the American !Metal Co., Ltd., of New 
York. It is to be imderstood, however, that all of the statistics presented in 
this chapter are taken from the official publications of the various govern- 
ments unless some other authority is specifically referred to. In a com- 
paratively few instances, where statistics have been lacking or unavailable, 
estimates have been inserted in order to permit totals to be arrived at. Such 
esimates are conventionally indicated by an asterisk. 

In view of the existence of so many different statistical publications, it 
would perhaps have been advisable to adopt a particular one as the most 
authoritative and adhere uniformlv to it. That would have involved, 
however, the repetition of a vast amount of work, besides involving the 
introduction of various complications, which would have been useless in 
view of the really close agreement of all of the authorities. Inasmuch as 
each statistician presents some valuable information which the others do 
not, it has appeared best to preserve their own statements in spite of some 
discrepancies (really unimportant) and at the sacrifice of imiformity, con- 
es 
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EiOvring that tin? use of any of their figures will not iei.il to any i 
error. Tin- zinc industry is tu be congrntulated upon the possesBiod 
etntiatica of prwliution, consumption anJ price, which arc so compleb 
[ authoritative as to be of the hiahcat commercial importance. 

PKODUCTION or ZINC ORE IN ECROPE AND ATSTCALIA. 
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Besides the productions reported in the above table there was an output 
in Bosnia of 69 metric tons in 1882, 697 in 1883, 20 in 1889, Gl in 1890, 
47 in 1891, and 16 in 1892. Norway produced 300 tons of zinc-lead ore 
in 1882, 200 in 1883, 571 in 1884, 300 in 1885, 1,540 in 1888, 3,278 in 
1889, 3,941 in 1890, 498 in 1891, 576 in 1892, 200 in 1S94, :bO in 1896, 
908 in 1897 and 320 in 1898. 

In comparing the zinc ore statistics of Europe allowances have to be 
made for differences in the method of computation employed by the 
statisticians of the several countries. All of them include both blende and 
calamine, but some report the production of raw ore and some the produc- 
tion after roasting and calcination, which processes are frequently performed 
at the mines before shipment of the ore. 

The statistics previous to 18G2 under the caption "German/^ represent 
only the production of Prussia; the output of the mines outside of that 
Kingdom was insignificant at that period, however, and the statistics for 
Prussia from 1852 to 1862 are practically representative of the production 
of entire Germany. 

There was a small production of zinc ore in Hungar}' between 1863 and 
1884, of which there are no statistics; this ore was smelted at works in the 
Kingdom, producing about 500 tons of spelter per annum (vide statistics of 
spelter production). 

The above table is deficient in failing to take into account the small pro- 
duction of zind ore in Turkey and the considerable production in Tunis* 
and the neutral territory of Moresnet. The famous mines of the Vieille 
Montague are situated in the last; their output is not included in th^- 
statistics of any oflScial publication. 

Many of the European countries which collect statistics of th^ir zinc or^- 
production report them by provinces and districts, a valuable system, but 
one that is rather too minute for a general summar}- of this kind. Other 
countries report the production classified as blende and r-alamirje. Such a 
one is Belgium, the statistics of which are presented in the -ubjoin^^d taM^- 
It will be observed therefrom how the prorluction of r^laminr. attain J a 
good deal of importance before blende was mined at all, h^/w ^nW^m,^/tl" 
the production of blende increased while that of calamine dir -nl^Cl and 
how finally with the exhaustion of the mine?, the production of w'^ y/r./ 
dwindled down to insignificant proportion.*. Tv-*/. ata*-.-.<« ../'a/'V 
back that they present a very interr^in^/ rw>rd of the zfn- - '- >,- 'r ^-^J^^ 
of Belgium. '" -•*"*'/ 

. Tunis produced 4.400 ton. am k«-) '^ x^ <« -. l«» ; ka» - j,^ . .-^„ .. ^ 
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There are few countries in Europe which smelt the whole of their own 
output of ore. the latter t»eiiig shipped naturally to the most convenient 
market, often in some other coontry, while the domestic smelters draw their 
supplies from the most convenient and cheapest sources at homo or abroad. 
This is shown mo?t sfrikinply in the subjoined table of the exports and 
imports from and into France, from which it appears that a large propor- 
tion of the French production of zinc ore is exported while the supply is 
made good by approximately equivalent importations. 
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The relative importance of llie production of blende and calamine is also 
shown in the subjoined statement of the output of the mines of Upper 
Silesia, which is the most important single zinc producing district 
Europe. 
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a For the reaislStl tr> 1885, both Inclusive, from Die Bergwerks- und HutteiiTeTwaKungen del 
Obenohleslschen ludustrlebezlrka, KsKowltz, 1893; (or 1886 et leq. from StMlstlk dc« Obersoh1esLsch«n 
Beig- UDd HUtteninSnnlsclien VereiiiE. 

b The lion pyiilea and iron ore here reported ue tbeproductloii of the linc mines and do not in- 
clude the OQtputot »ny of the Sileaiui lion mines proper. 

cThe BtattaOo* for 1887, 19B0 and ISBl include 2S2,7«. 2SW "nd 67,509 tom, respectively, of cala- 
inino recovered from the old dumca of the Schorte; mine. 

iJThestatiitlciror 1»92. 1893uid 18M include. respectlvelT, 30,935, 53,58« and 39,810 loni ol cala- 
mine recovered from the dumjjs of the Scliarle; and Paul-Richard mines. 

t The statistics for 1S96 and 1899, reBpectlvely, Include 7,KI0 and 189 lous ol calamine Smm the 
echuler and PaUl-RlChard dumps. 

/ InclDdes ztno vrbite, iliic gny and residues. 

Blende was firet produced in Upper Silesia in 1870, and the increased 
supply of ore which was thereby afforded had a powerful effect upon the 
zinc industry at that time. The sulphide production increased rapidly, and 
during the last decade it became the more important source of zinc in Upper 
Silesia, its tenor in metal being much higher than that of the calamine; 
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since 1895 its tonnagv also has betn tiie groater. Tht; increasing I 
blende to calamine in the ore ppmluction of Upper Silesia now 
lead to some more important changes in the metallurgical practice 6 
district, to which reference has been made in a previous chapter. 

The average value in marks per 1,000 kg. of the zinc ore product of i| 
Silesia since 1882 is summarized in the following table: 
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The above table is computed on the basis of the ore mined, leaving 
of account the quantity and value of the calamine recovered from old di 
which if included would reduce the average somewhat. 

IMPORTS AND EXPORTS OF ZINC ORE. 
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Outside of Europe itself and the immediately adjacent colonics in Africa, ' 
the smelters of Great Britain and the Continent have derived but little ore 
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lantil within the last five years^ when some important supplies haye been 
obtained from New Jersey and from Leadville, Colo., and Broken Hill, New 
!Soxith Wales, the ore from the last two sources being a product dressed 
fcom the mixed sulphide ore which exists in vast quantity at each of those 
places. The exports of zinc ore from New South Wales, which practically 
lepriesent the production of the Broken Hill mines, are stated in the fol- 
lowing table : 





EXPORTS 


OF ZINC ORB FROM NEW 
(In metric tana.) 


SOUTH WALEa 


Tear 


Quantity 


Value 


Year 


Quantity 


Value 


1897 
1898 


29303 
39361 


£23.688 
28.941 


1899 
1900 


50380 
20.593 


£49.207 
44.187 



The production of spelter by distillation from this ore has recently been 
begun in Australia. 

Production of Zinc Ore in the United States. 

There are no complete statistics of the production of zinc ore in the 
XFnited States, but the output of the most important districts, namely, 
New Jersey and Kansas-Missouri, is reported satisfactorily, the 
former by the New Jersey Geological Survey and the latter by the local 
journals, the reports of which are summarized regularly by The Mineral In- 
dustry. The statistics of the production of those two districts are presented 
in the following table : 

PRODUCTION OF ZINC OJBE IN THE MOST IMPORTANT DISTRICTS OF THE 

UNITED STATES. 

(In tons of 2.000 lb.) 



Year 


a New 
Jersey 


b Kansas 
Missouri 


Year 


a New 
Jersey 


6 Kansas 
Missouri 


Year 


a New 
Jersey 


b Kansas 
Missouri 


Year 


a New 
Jersey 


b Kansas 
Missouri 


1881 
1882 
1883 
1884 
1885 


55,079 
44.955 
62314 
44.905 
43,149 


58.200 
60,300 
63,700 
74,300 
74.000 


1886 
1887 
1888 
i889 
1890 


49,142 
56,246 
51,942 
62392 
55,572 


85,400 

98.300 

102.350 

106,750 

122350 


1891 
1892 
1893 
1894 
1895 


85.157 
86.574 
62,554 
66,508 
c 


145.550 
154300 
139.770 
139.779 
144,487 


1896 
1897 
1898 
1899 
1900 


78,490 

86.210 

111,349 

194,881 

221,053 


153,082 
177,975 
235.123 
256,456 
242.500 



1 From reports of the New Jersey Geological Survey, b As reported by The Mineral Industry. 

e No statistics were collected for 1895. 



The only statistics of zinc ore production in other parts of the United 
States, which are available, are very incomplete. According to The Mineral 
Industry, vol. II, the production of zinc ore in Virginia and Tennessee was 
8,420 tons in 1887, 11,500 in 1888, 12,906 in 1889, 14,969 in 1890, 20,287 
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bringiog out th«ir figarcs withto a few months after the terminatifm q 
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commirrciKt tinicliuess. Sudi differences ts appear in the general t 
are due partially to discrepancies in the statistics of the production in a 
United Static, for which there are three authorities, whose reports are a 
pared in the following table: 
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It appears from the above compari^oD that the statistics of The Mm 
Industry were probably about 2,000 tons too low in 1892 and 189! 
were a good deal too low in 1895 and 1896, this conclusion being in( 
liy the close agreement of the reports for those years by the American 1 
Co. and the TJ. S. Geological Survey. 

PUODUCTION OF SPELTER BY STATES. 




ICCTION AJTD PRICES. 



The statiBticB of the U. S. Geological Survey make a division ot the 
production of spelter in the United States according to districts, which is 
useful, although no separation is made between Illinois and Indiana. It 
roaj be arrived at with sufficient accuracy, however, by taking for Illinois 
the difference between the total for the two States as reported by the 
Geological Survey and the production of Indiana as reported by the 
American Metal Co. This has been done in the above table. 
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The alallaUca ol production and prEce m (he above tablo Irom [880 to i^Jl botli years i:i 
are Iroio the reports of the U. 8. Oeologlcal Survey. Apparently the flgnrea Ini JMNlBSSaieapproii 
male esUmatM rather than tolals based □□ rcpoils from the ptuduceri The Eiailstics Irom iE9!l to 
1100, both years lncli;jlre, are aa reported by The Mineral Indastry The figures marked nilii an 



The production of zinc oxide in the United States, with the exception 
of an insignificant quantity, is made directly from ore, whereas the oiide 
produced in Europe is obtained by the combustion of spelter, its manu- 
facture in that way constituting one of the important channels of European 
spelter consumption. In considering the relative importance of the United 
States as a. zinc-producing country, therefore, its production of zinc oxide, 
reduced to the basis of its tenor in metallic zinc, should be added to the 

dactioa of spelter. 



Statibtics of Consumption, 
I The only feasible method open to statisticians in determining 
iBumptJon of a commodity is the combination of the statistics of prodt 
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tion of each country with the moveuient into and out of it as ahownl 
by the statistics of imports and exports. The production plus the imports I 
indicates the total supply ; deducting the exports from the supply should \ 
show the consumption. This method is admittedly inexact, because it takes | 
no account of the stocks on hand, which may be added to or drawn j 
from. The extension of such statistics over a series of years will, however, 
indicate truly the amount and trend of consumption, inasmuch as additional | 
to, or draughts ufKin, stocks are not cumulative but will balance in the 
long run, although the consumption for any single year is likely to he j 
inaccurately measured. 

It is not merely the difficulty mentioned above that perplexes the statis- J 
tician who undertakes to study the consumption of such a metal as spelter; j 
he must also decide how the imports and exports are to be classified and] 
tabulated in order to lead to results which will be commercially valuable, j 
Should the statistics be based simply upon the crude metal? or upon the ' 
crude metal and all the manufactures thereof? or upon something inter- • 
mediate between the two extremes? 

The statisticians of the Metallgesellschaft, in their valuable annual pub- i 
lication, compute the consumption first upon the basis of the crude metal ■ 
aloncj and compare the total thus obtained with the statistics of production. | 
This is probably the best that can be done, because although the statistics 
of crude spelter consumption do not correctly indicate the ultimate 
consumption of zinc in the respective countries, any attempt to follow the 
consumption far into the douiiiiu of manufacture would necessarily lead to ' 
complications which could not he easily avoided. The statisticians of the 1 
W"etallgesell8chaft, however, present supplementary tables showing the result ] 
of such an investigation so far as possible, which are probably sufficient for 1 
all commercial purposes. Those supplementary tables have been transcribed ' 
herein only in so far as sheet zinc is concerned, inasmuch as the advisability ■ 
<j[ attempting to trace the consumption of zinc any further is doubtful. If * 
ior example spelter is consumed in Germany for the manufacture of brass ! 
wares which are subsequently exported, it seems that it may properly be i 
considered that Germany was the place of consumption of that spelter, j 
irrespective of whither the brass wares may have gone. The case of sheet . 
zinc may be regarded in a different light; although it is truly a manu- 
factured product, it is only in the early stage of manufacture, in fact only 
one degree beyond the spelter itself, and is to a large extent produced in 
direct connection with the smelting process ; it would obviously be incorrect 
to reckon the spelter consumed for the manufacture of sheet zinc in Germany 
as being entirely consumed in that country. 
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The following tabk* of the consumption of zinc in the various countries 
of the world, with the exception of that for the United States, are tak^i 
from the eighth annual report of the Metallgesellschaft, which bases its 
computations upon the statistics of production eonipilcd by Henry R, Aferton 
& Co., but separated according to political divisionB. The table of the con- 
sumption in the United States has been compiled from the statistics of The 
Mineral Indvsiry, with corrections in the statistics of production in 1895 
and 1806 as previously noted. In the general table showing the world's 
consumption, however, the figiircB for the United States are those yfa icli 
are used by the Metallgcfiellsehaft. ^^H 
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CONSl'MPTION OP ZINC IN ITALY. 
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C0N81IUPTI0N < 



Year. 


,.., 


1^92 


.».3 


ISM 


i.» 


.«, 


.», 


,.,. 


,.„ 


,™ 


Production. .. 
7010]".,"°°*. 


3,hai 

8,72i 


4338 
b;438 


4.800 
400 


fi.l(X 
S0( 


5 040 
400 


s 


6553 

13,653 

3,«l 


66fl5 
260 


6.32< 
15,624 


14.668 













1 Crude 


pcllero 


nly. 










C0N8O1FT10S OF ZINC IN SPAIN, 
im metric Ions.) 


V^r 


189! 


1892 


1803 


1894 1B95 


189a 


,.., 


tSBS 


isog 


IBOO 


e'." 


numpli™;- 


H,658 

3:eii 


5m; 


6,001 


2:68C 


M"; 


3JJ61 


2 17! 
4,073 


6 031 
4",S5f 


2.701 


2.081 

















It will be observed from the above tables that Austria-Himgaiy, Italy and 
EiiBsia have to import a good deal of spelter and export almost none at all. 
Franco and Great Britain, although large producers themselves and export- 
ers of considerable quantities, are obliged to make large importations to 
meet the home con=!uiiiptive demand. The great exporting countries are 
Germany and Belgium, LSpeeially the latter. The email production in 
Spain is more than that country produces, while Denmark, Sweden, Nor- 
wav, Switzerland, Turkey and the Balkan countries, which produce no 
fpcltor. have to import their entire supplies. 
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CONSrMPTIOS OP ZISC IS THE UNITED BTATB& \ 




(In toiia of 2,000 }h.) 








Year 


Prorfuction 




i««.™ 


Supply 


Hiportu 


C'oaaiimp'n. 






Spelter 


Bh«t 


Tu,«l 








ISJ3 


7 343 


3 420 


5,561 


8^1 


16 324 


37 


16587 




lo'ooo 


1,797 


3fl08 




14S05 




14.783 




S.833 


1J117 


3,660 


4,677 


20.510 


19 


20.4B1 














87 


18.713 


877 


7,600 






l'304 






liSSi 




BOOO 


635 


6ZS 


1263 


20JM3 




18 890 








656 


1,266 


22,266 


lfl66 


Eiaoo 














684 


28,636 


881 


30,000 








32 794 




32 048 




33765 


9504 


2 207 




45:1-6 


745 


44,431 




38^73 


8,534 








428 








2.936 




3141 


41,955 




41392 


885 


40 088 




920 


2.67 


43J66 


61 


43^15 


SSS 


42.641 






2,608 




459 




8S7 










54:997 






888 


65 '903 


1,913 




2,00 


57,964 


31 




8sa 


S8860 


1.026 


507 


1£3 


60 393 


440 






87 342 




391 


1,39 




1£48 




891 










80:677 








84.082 


149 


14 


163 


84,245 


6:247 






76,255 






22T 


76,482 


3,723 














74,218 




72 '414 


8S5 


87^01 






39 




1,530 


8e:4H 


i!? 


81,878 
00.387 


B20 


a 


634 




- 10,130 


72,282 

87 £03 


"ioi'iis " 












115.475 

131,168 




KB 




291675 


liias 




ll49 


6:755 


900 


33,231 


1X)07 










101*28 




The world's consumption of zinc from 1891 to li)00 is Bummarized in the 


following table, compiled by the Metal Igesellschaft, in which its figures for 


the United States liave been retained : 


THE WOBLD-S CONSUMPTION OF ZINC, 


(In metrtc tonso 


o.^„ 


..., 


1802 


1893 


1894 


1895 


1890 


.1897 




51s 


1899 


1000 


Austila 


17 24 


18 619 


22 046 


23,58 


~2SU0 


2 ,686 


24 143 


23 


20,016 


asTSJ 


Bulgfiira 




34;78S 




40,56 


38:308 


3S:92t 


38:65i 


3S 


rst 


46,70 




FrsQOB 


sss 


sss 


9 Its 


62,92 


49,287 




63,56J 






130 ao 


i"|m 




Crsat Brit'aiD '. 








76!50 




9 ,651 




96 


(47 


96,77 




lUly 




1,675 




Z.23( 




,663 


2,969 


S 


i57 


3,27 




NBltorUndB. . 


'iao 


•3.60C 




*3,60 




• ,600 


•3:801 










Russia 




9,43i 




10,801] 




1 ,9IE 






•61 






Spain 


SM 






S 


78 424 


«,s 


II 




17( 


112^ 


w^ 


lilted Statu. 


73,405 




96 




Other oountrieB 


•8,00 


•QJMK 




•aflo 




* ,600 










Total 


366.15 








416,139 


42 Hl2a 


442,081 








Prodiwtion. ... 








380^7 


416,621 


42 ri41 


443:302 


469.031 


490 50f 




Av. pr. London 


i:23 

fi.05( 


Si 


li 


l§ 




1^ 


Igl 


3 




SS 


■ ■■ N.Y.i 










iff 






4,57 


5:75 


.» 


a TliB avBrasB price at London In pounds flMtfling per S.S40 lb., as reported by Iba Uetallgcwli- 


Bchaft, bBB been converted into dollvs and cent! per IM lb. at tbe uulform re's ol £1— H'B7. 


b AveiBseB reixirted by Tbe HiQetsl Indmtry. 
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¥ 



The above table shows the total consumptio 
ing the last ten years to have been as follows: 



anil pro«iiiction of zinc i 



PBriod. 


1891-lBM 


IBWV-IWIO 


1891-1900 


SSS&::: 


illffi 


2^06.(W3 


ISffi 



statistics of consumption compiled in the manner of the above Introduce 
ns an important factor the statistics of production. In comparing conaump- 
tion and production, therefore, the chief reliance is in the accuracy of the 
statements as to imports and esports, inasmuch as errors in the statiBticB of 
production are reproduced equally in the computations as to total production 
and consumption. 

According to the above statistics the consumption of zinc during the 10 
years 1891-1900 has been greater than the production, whence the natural 
inference is that stocks on hand must have been drawn upon. In view 
liowever, of the really small difference in tlie grand totals, that would 
probably be an unsafe eoncluaion, taking into consideration the numerous 
ctiances of small errors in the statistics, and the movement of old metal 
Thieh may appear in ttie reports of imports and esports and bo counted 
twice. 





CONSUMPTION OF ZINC WHITE IN Tl 


E I'NITED 


STATES. 


■ 








(Ja tons ol 


S.OOO lb.) 






■ 


w, 












TenohivZ 


.kcat80% 


t 








Lxpoa., 


"""""""" 


Short loBi 


MetHc tons 




22.814 


1686 




nil 


2.iE00 


IB 000 


17 777 










































































mu 






















*■" 






4.!.7e5 


.... 





^ Previous to 1886 the only available statistics of American imports and 
esports of zinc white are for fiscal years ending June 30, which are of course 
useless for comparison with the production reported for calendar years. 

The imports entered in the above table represent only dry zinc oxide, 
besides which a small quantity of zinc oxide ground in oil is brought into 
the United States, the quantity of the latter product being 65 tons in 1895, 
156 tons in 1896, 851 tons in 189r, 13 tons in 1898 and 21 tons in 1899. 
Previouj- to 1897 the exports reported above include zinc ore, correspond- 



t: 



J 



rnODucTiojj and pitorERxiEs of zinc. 

ing to " oxide and ore " of the U. S. Bureau of Statistics enumeration. Thern 
n'as, however, but little ore exported before 1897, when large Hhipments from 
New Jersey first l>egaB to be made. 

The imports of zinc white into the United States and the supply from 
1885 to 1894 were as follows (in tons of 2,000 lb.) : 





1SS6 


1887 


1888 


ISSfl 


1890 


,» 


1892 










ISflOO 


lajwo 

20i4Sl 


20,000 


16,970 
1S]3I3 


20,000 


23,700 


27,S00 
1.22! 
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Statistic a of Pbice. 

The chief markets of the world, wherein the prices which govern the 
zinc industry are established, are New York, London and Breslau. The 
price made in London practically governs the industry in Europe, although 
the business in Upper Silesia is transacted on the basis of the price at 
Breslau; the latter generally preserves, however, a certain relation to the 
London price. Similarly in the United States the business of the Kansas- 
Missouri district is transacted on the basis of the price of spelter at St. 
Louis. The St. Louis price, however, corresponds with the New York 
price, minus the difference in the cost of transportation to tho two pointH. 
That difference is'not merely the freight rate from St. Louis to New York, 
but is the variation between the rates from Kansas smelting points to New 
York and St. Louis respectively. For example, at the present time (1901) 
the rate on spelter from lola to New York is $0-34 per 100 lb. ; and from 
lola to St. Louis, $0-18 per 100 lb. The difference between the New York 
and St. Louis prices should, therefore, be normally $0-l(J per 100 lb.; 
practically the difference during 1901 has been $0-15 most of the time. -The 
difference between the New York and St. Louis price varies consequently 
from time to time according to the freight rates, taking into account 
rebates, etc., which may be allowed by the railways. There are no available 
statistics of the average price at St, Louis for a long period of years, but 
considering the last ten years it would probably be nearly correot to reckon 
it as having been $0-20 per 100 lb. below the New York price. 

Although the importation of spelter into the United States from Europe 
is practically prohibited by the tariff of l-5c. per lb,, and the American 
price of spelter is consequently to a considerable extent independent of the 
European price, there is nevertheless at many times an intimate relation 
between the prices of the two Continents, because of the ability of American 
producers to export zinc at a profit under certain conditions. The freight 
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■^ate on spelter from lola to Liverpool is now *(>-o.> jvt lO-' \\\ i » iihin fire 
jears or so it has been as low a^ $0-5i per 1(*0 Wk). Con#*>nioutly if at 
any time the price of spelter at London rises materially almv.' the pricv at 
New York and there be an eitcess of productive capacitv in the Uniu'd States, 
which generally there is. the e^cportation of spelter front Kan.-^s to Europe 
tends to reduce the European price to the American level. 

The average monthly price of speller at Xew York and the avorajie annual 
price at London and in the principal markets of Germany, for a long perio<l 
of years, are given in the subjoined tables. The Now York prices are as 
quoted by The Mineral Industry: the authorities for the Enjrlish and Ger- 
man prices are stated in each ease. 



AVERAGE MONTHLY 


PRICE OF 


PRIME WESTER> 


SPELTER 


AT XBW \ 








IX CENTS PES POCND 








Y» 


~ 


J»>. F 


b. 


M„. 


April 


«»- 




Julj- 


Au«. 


Srp.. 


'•'"' 1 ^'"'' 


!>«. 


8T5 


~ 


se a 


7 


g 


35 


6TS 


7J0 


:«> 


z:so 


7- 175 


T ITS 


7; 275 


--.-5 


7-'>-Jt-<W 








625 


7 


6sa 


T'SO 


7- TS 






7;i« 


6 M 




A-4W 




S77 




50 


« 


435 


«3l 


a; 2s 










5-IMI 


5 T45I 5 fOAn IM 


STB 




625 5 


435 




436 


S125 




"43J 


4"625 


4-685 


4-SI 


466 


4 MS 


4 31 4 88 


870 


3751 4 


51 


5 


49S 


1:50 


4- 7S 


:ii5 


4-5* 


5:21 


5 141 


61S.1 




K'Aft-OM 


S80 




56 


8 


62! 




s- I 




4 935 






4 035 




4 7I> 5 51 




06 1 fi 


Igj 






5fj5 


5'93S 


;8TS 






5 I2S 


6 31 


5-fi»3 


5P;WS24 






875 5 


68.1 




4»i 


i 37 




31 


5241 




5-215 


5 IMS 


4 09; 


^■r^^s ;« 






56 i 






685 


4-67 




■4Sa 


440 


4-3S 


■•:-»* 






4 M 4 -40 






28fi * 






50 


4 57 




■4SS 


4;50 


4- 67 












31 4 






21 


42 




■05 












886 




40 4 


4» 




» 


i-4 


4'»l 


"375 


4-aa 


4-3.1 


4-3::,i 






887 
8SS 




56 4 
42S 5 


SS 




475 




455 


ftS 


4 575 


455 








4 IW 






00 4 






4-6 a 


















8*. 




41 5 


28 


8 187 


s:oBi 


535 


-57; 


■55 


S-27B 










eai 




55 5 


025 


6 125 




485 


5083 


:o63 


5:01 




















se 




















893 










2H 










3-S9 


3;oy 








B94 










89 






■40 




3-38 








'■}'.''■ 


895 










23 


.30 


3'ao 


:»5 


75 


415 
























3 98 






3 78 








3 '94 






























4'U 


Itfi'j 




9a 4 






25 






4- 77 




4-58 






.'. ■-•ii H;i[> 


4 57 


890 




34 e 


28 




31 


:^^ 


fl:8s 


5;98 


\S2 


b:05 








S'7fl 




























4':!1) 4'U5 


4-:in 


001 


:,3|. 


01 


3-91 


OS 


401 


*09 


3 95 


390 


4 OS 


4-;3 


4-S0 


4 31 


4 'OH 



AVERAGE ANNUAL PRICE OF ORniNABV KII.BSIAN SI 
FEU TON OF 2.240 1. 1!. 
(From 8tatl*In J 01 tlie MPtiil>,fsell«'hiitt. 1 



AT I.ONIHIN. 
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AVERAGE ANNUAL PKfCE OP ENGLISH SPELTER AT LONDON, 1 


PER TON OF 2,2*0 LB. 1 


(Ffom BrlliBh blue books on mine* and mintrals Id tbe United Kingdom 1 ] 




£ s. d. 




£ >: d 




£ f. d. 




£ ». d. 


1 72 


22 14 9 


1880 


19 3 9 


1888 




189S 


17 6 8 


















I 74 












1898 




J 7S 


34 5 


1883 


10 I 


1891 


23 18 5 


1890 




1 76 


23 7 11 


1884 


15 8 


1892 


21 15 9 






1 77 
























1894 








1 7» 


17 fl 


1887 


10 1 5 


1895 


15 5 8 






AVERAGE YEARLY PRICE OK SPELTER IN THE PRINCIPAL MARKBTB IN 


GERMANY, a 


IPrlce In marka per 100 ig. : 1 mark=a3-8 centa.) 


y^ 


Bhmi.*c 


r„^«. 


Frankhtiit 


H^,.™...r 


HiUBUxa 


Good Bilesian 
from worlia 


"A!&dTs^.^ 


and bJeii tie from 


Ttlunisband 


Silcniaii m 
>Ub! 






3n,o*. 


workSf. rto"'Sio« 




1879 




34-27 


3638 


32'44 


35- 14 












38 




1881 




32-66 










1S82 




34; 32 


34'88 


33-84 


35 


04 










30' 19 


31 






27 '20 




2906 








1885 


2608 


28-14 










88S 




28'64 


28' 03 


28- n 






BBT 


28'3a 


M;47 


2fl;B6 


29-88 








35 '41 






36- 10 






889 


38' 25 






39'48 






890 




47;B2 


47 02 














4a;44 


46; 34 


48 


95 


892 










45 


30 


893 


33'eO 


35' 78 


3513 








gfi4 


Z9;«> 


32; 10 


30'90 


30-90 




30 


895 








29;30 


31 


HI 


sea 


3160 








34 




897 


33;90 


36;00 


35;30 








Hsa 








41-40 


43 


20 




4S'I0 






50;(» 


Bl 


90 


900 


39-4(1 


42-97 


41'31 
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Equivalent Prices of Spelter in Pounds Sterling per S^ifi lb., UarTiS per 


100 leg. and U. S. Currency per 100 lb. 


The price of spelter (or any other commodity) quoted in pounds sterling 


per 8,240 lb. can be converted into the equivalent in TJ. S. currency per 


100 lb. by the following formula : 


P=(P'XE)-^224 1 


— in which 


P-price per 1001b. in dollars and cents. 


F=prioe in pounds aterliug. shillings and pence being expressed in deol* 


mal pans of a pound- 


E=tlie value ot £1 in U. S. currency— i- e., at the current rate of eichange. 
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For example, the equivalent of £22 10a, Gd. per 2,240 !b, in dollars and 
■ots per 100 lb., when exchange is at $4-866, is computed as follows ; 

f 22 10s. 6d.^£22.585 

£22-585X-±-86ti~22-4=$4-l)83 

I In the same manner tlie equivalents of £14 to £29 at rates of exchange of 
3 to $4-89, with intervals of £1 and Ic. respectively, have heen calculated 
h the following tabic : 



mttlVALBNT PBICES IN 


POUNDS 


ste:ri.i:< 


G PER 2 


2411 l,R. AND D01.1.AKS 


AND 




CBSTB 


PER IIJO 


LB. AT 


DlfKEKENT UATKS OF BXCBANOH. 




£1- 


W83 


«4g4 


(4-85 


14 -SB 


M-S7 


»4 88 


»4-80 IL 


™« 


£14 
















6250 






































































































































































































































































28 




















29 


6'253 




0-279 




6 305 




6 331 1 


2a4fa 


'"""" 


21-5625.. 


21-6071=. 


2l-65.ac. 


2. 6964.. 


2,-74110. 


2. -78570. 


2183040. 


0440 



The figures marked with daggers in the above table are absolutely correct, 
the dividend giving with the divisor, 32-4, the quotient as entered, without 
remainder. ITie other figures in the table involve errors to the maximum 
extent of plus or minus $0-0005:^lc. per 2,000 lb. The extreme right 
hand column gives the differences in cents per 100 lb. caused by fluctuations 
of Ic- in the rate of exchange, from which the equivalents of prices at 
intermediate rates of exchange can he found by interpolation. At the foot 
^Heach column headed by the rate of exchange is given the difference in cents 
^KT 100 lb, caused by a difference of £1 per 3,240 lb., from which the 
H^oivalents of fractional values can he quickly arrived at by interpolation- 
It may be assumed roughly that a difference of Is. per 2,340 lb. corresponds 
to le, per 100 lb., 6d,:=0-5c, and 3d,:=0-25c, for all rates of exchange 
between $4-83 and $4-80. In determining the equivalent of a fractional 
price with an intermediate rate of exchange with absolute accuracy a double 
interpolation must be made. 
The C;erTiia,n mark being equivalent to 23-8c. U. S. currency, at par of 
Bfediange, and one kilogram being equal to 2-204G lb., a difference of one 
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mark per 100 kg. corresponds to 10-8c. per 100 lb. The quotation of 
40 marks per 100 kg. is nquivalent, therefore, to $4-33 per 100 lb. In 
order to convert a quotation in marks per 100 kg. into the equivalent dollars 
and cents per 100 lb., multiply the number of marks by 0408 ; thus : 

48-lX0-108^5-19. 

For convenient comparison of the prices of spelter at New York and 
Ijondon, and at the works in Upper Silesia, the averages reported in pounds 
sterling per long ton and marks per 100 kg. have been reduced in the follow- 
ing table to the common baeis of cents per pound. The statistics for New 
York have been taken from Thr. Mineral Industry; those for London rep- 
resent the price of ordinary Silesian spelter as reported by the Metallgesell- 
schaft; and those for Silesia are from the Statistik dea Oberschlesischen 
Berg- vnd Hutlenmdnniscken Vereins, The last have been used rather than 
the official statistics of the German Government because they agree closely 
with the latter and go further back. 

AVERAGE AXNDAL PRICE OF BPELTEK IN VARIOUa MARKETS, REDDCBD TO 
CENTS PEE POUND. 


v„ 


New York 


London 


Silesis 


YBur 


New York 


London 


-\ 


71 
T2 

74 

i 

879 

1 

884 


5;510 

11 




i 
1 

i 
1 


;163 

B74 
■478 

;fl73 
2;S84 


11 

ii 
II 


4; 910 

!:| 
l;| 




1 

i 
1 

1 




7S5 

i 

1 
i 
i 


It will be observed from the iihove table that the price of spelter has been 
subject to wide fluctuations, especially in the United States, where the range 
has been from 7-87Sc. (the average for May, 1876) to 3-20c. (the average 
for February, 1895).^ The maximum price was attained at a time when 
the market was controlled by a combination of producers which was organ- 
ized for the purpose of enhancing the value of spelter and was temporarily 
successful in doing so. The minimum price was quoted during the period 
of depression which followed the panic of 1893. 

'This statement covers the pirlod from Jan, 1. 1875, to Dec. 31, 1001. In Febrnarj. 
18!>5, spelter touched BIlOe, Et St- Loiila, 

— M 



i OF I'ttOOrCTIOX AND PltlCEE. 



I It is a commoD practice ia considering statistics of price to compare the 

■ferage of a single year with the average of the previous 10 jc'ars. Such 

iwnnial averages have tieen computed for each year in the following tahlf: 



■ AVERAGE PRICE OF SPELTEH FOR 
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OS. REDLTED TO ■ 
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The production of zinc in EuropC) which was inaugurated during the first 
i3eeade of the nineteenth century, did not attain much importance until 
about 1840, in which year it was prohably not to exceed 20,000 metric tons. 
The next decade witnessed a great expansion and in 1850 the production was 
50,000 tons, or close to it. In 18G0 it wae somewhat more than 85,000 tons. 
From 1831 to 18-10 the average price of spelter in Upper Silesia was 26-03 
marks per 100 kg.; from 1841 to 1850 it was 36-34; from 1851 to 1860 it 
was 36-84. The annual price since 1860 may be found from the tables im- 
mediately preceding this paragraph and from the table of ore production in 
Upper Silesia in the early part of this chapter. An account of the fluctua- 
tions in price previous to 1841 may be found in Chapter I. 

Between 1841 and 1860 the price of spelter varied a good deal. By 1840 
the Silesian zinc industry had recovered from the crisis of 1829, when 
epelter sold at 18 marks per 100 kg, at Breslau (the lowest recorded price), 
and having been established on a sounder basis the increasing demand began 
to outstrip the production, leading to a range of prices from 33 to 53 
marks. The political disturbances, which arose in most parts of Europe in 
1848, upset the market and from 1848 to 1852 the price ruled at S2 to 27 
marks. From 1853 to ISyO, and later, there was steady prosperity in the 
business and a general upward tendency in price. Probably about the same 
conditions existed in the other zinc-producing districts of Europe as in 
Upper Silesia, but anyway Upper Silesia was the most important market, 
' inasmuch as up to about 1870 its works made 50% or more of the total^ 
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production of Europe, or it might be ■■aid of the world siuee tlie output of' 
the United Statts was of no consequence prior to that time 

It is to be observed then thdt from the minimum price of IS marks per 
100 kg. (l-944c per lb ) m 1839, there was in ipite of temporary ups and 
downs a gradual rise to the maximum of 5-lG2e. in 1873. In the early part 
of that period of 44 years the conaumptivG demand for the still compara- 
tively new metal was Email, and the facilities for producing it were great. 
The supply of ore was obtained from near the surface, and it was of higli 
grade and docile in smelting. In the latter part of that period the demand 
for the metal had greatly increased, but the cost of production had also in- 
creased, and the demand could be supplied only at a higher range of prices. 
We have it on the authority of the Bergwerksgesellschaft Georg voa 
Giesehe's Erben that in the 50 years from 1834 to 1883 the cost of produc- 
tion per centner of zinc more than doubled itself, the greater poverty of the 
ore and the increase in wages and the price of coal more than offsetting 
the economy in labor and coal and the other improvements in the metal- 
lurgical practice. 

The decline in the price of spelter which began in 1874 and continued, 
with only two checks, until 1885 is atttributafale chiefly to the new supply of 
rich ore that in 1870 began to be offered in the form of blende. At about 
the same time the United States began to be an important producer of zinc, 
its importations from abroad dwindled down, and this outlet for European 
spelter gradually became closed. Simultaneously there was a heavy increase 
in the world's production. Up to 1870 the spelter product of Europe was 
derived almost excluaively from calamine. Blende had been mined and 
smelted in Belgium as early as 1845, but the output of that Kingdom 
never attained much magnitude. The Belgian production of calamine had 
been on the wane since 1856. In 1870 the Scharley and Marie mines, 
which had previously been the most important producers in Upper Silesia, ( 
, came to the end of their resources, but in the same year the blende of the 
district began to be utilized, although its production did not assume large 
proportions until nearly 10 years later. 

The abnormally high prices for spelter in the United States in 1875 
ajid 1876 were to a large estent artificial, being due to the manipulations of 
a combination of the western producers, which was formed in the spring of 
1875. In April, 1876, it succeeded in raising the nominal price of spelter 
to 8c., Now York, but production had been stimulated, consumption 
restricted and stocks accumulated, so that in June, 1876, the combination 
was practically disrupted, this being followed by a rapid decline in the 
price. In 1879 and 188S syndicates to control production and price were 
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tfganized in Europe, but their efforts were of only temporary i-ltert on th* 

fuarket, which continued to sag under the weight of tlie huavy i)roduction. 
During the decade 1881-1890 the exports of spelter from Europe to tho 
United States again became of considerable importance, attaining a luai- 
imum of 11,411 short tons in 1883 (in which year the American production 
( SSjTGS tons), but since 1887 foreign spelter has o-o^hI to be of any 
Kjuenee in the American market. In 1888 there was formed in Europe 
Combination of the French, German, and British producers to restrict 
iduction, which went into effect in 1889 and rontinurd to the end of 1894. 
Bis was probably the best-sustained effort to regulate the price of spelter, 
t although it had a tumporary influence on the market it could not prevent 
)duetion by new concerns, who were led into the business by the attraction 
thigh prices and large profits, and its ends were thus defeated. 
flinee 1890 the predominant features in the zinc market have been the 
Jig of prices under increasing production in the early part of the 
decade; the enormously increasing production in the United States and 
the beginning (in 1896) of large ejqjorts to Europe; the decrease in the cost 
of smelting in the United States because of the utilization of the natural- 
gas resources of Kansas and improvements in the metallurgical practice; 
and the increase in the cost of smelting in Europe because of the rise in 
Ihe value of coal, eapeeially toward the end of the decade. There was a 
period of iudiistrial depression in both Europe and America in 1893 to 
1895; and a recovery, which culminated in a boom in 1899 and the oarly 
part ot 1900; followed by a depression in Europe, which caused a great 
ilecline in the price of spelter there, and sjTnpathetically a corresponding 
decline in the price in the United States, although the period of general 
industrial prosperity continued here. It will be obaerved, from the accom- 
panying tables how since 1890 the American price for spelter has preserved 
a rather constant relation to the European price, although spelter in Europe 
can no longer, under normal conditions, enter the Americau market. 
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t The statistics of the above table are taken from various volumes of The 
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tlic world. The following table is compiled from the annual official report; 
of that company : 
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It will be observed that the combined production of sheet and zinc white is 
greater than the spelter product of the company. This is explained by the 
fact that the Vieille Montagnc purehases spelter from other producers. 



V. 

ANALYSIS OF ZINC ORES AND PRODUCTS. 

In the control of a zinc smeltery the most important chemical determina- 
tions that have to be made are for zinc, iron, lead and sulphur. Less 
frequently it is necessary to make analyses for cadmium, manganese, lime, 
magnesia and silica. Occasionally the chemist may be called upon for an 
analysis of the coal and refractory material which are employed in the 
works, but the composition of those substances having once been satisfac- 
torily determined, they are usually assumed to be uniform. At works where 
the coal supply has to be purchased, it would be advantageous to make 
frequent determinations of at least the tenor of the coal in moisture and 
ash, to furnish a guide in the purchase of what is the most important ma- 
terial consumed in the works, excepting ore. Such an investigation would, 
however, serve only for the information of the smelter, since there are 
practically no coal companies in the United States at least which will make 
any guarantee as to the quality of their product, and the consumer is fre- 
quently compelled to content himself with what is available, especially where 
the coal supply is necessarily derived from a particular and limited district. 

Determination of Zinc. 

There are many methods for the determination of zinc, both gravimetric 
and volumetric, but in technical practice only the volumetric methods are 
employed, they being quite as accurate and much more rapid than the 
standard gravimetric methods. Consequently only the volumetric methods 
will be described in this chapter, and the chemist who is interested in the 
fi^ravimetric should refer to the standard textbooks of Fresenius, Cairns, 
l^ose and others. There are two methods of volumetric analysis which are 
commonly employed: (1) titration with a standardized solution of potas- 
sium ferrocyanide, and (2) titration with a standardized solution of sodium 
sulphide; in Europe the sodium sulphide method is still generally in vogue, 
although the potassium ferrocyanide titration is meeting with some favor. 
The sodium sulphide method is cumbersome and troublesome and decidedly 
inferior to the ferrocyanide method in points of accurac}^, simplicity and 
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spettl. This, however, is aiiiiply a matter of opinion, as to wliieli chemfetS 
may dieagree. Even in the United States there are some who prefer the 
sodium sulphide method to the ferrocyanide. 

PoTABBiDM Ferboctanide Mithod. — Tliis method is hased on the fact 
that zinc salts in an aeid solution decompose potassium ferrocyanide, form- 
ing a white insoluble zinc compound ; and that an cscuss of the ferrocyanide 
can be detected by the brown coloration prodiiced with uranium acetate or 
nitrate. Unfortunately this metliod does not, like many volumetric proc- 
esses, lessen the necessity for a complete separation of other metals which 
appear in solution with the zinc, since most metals give precipitates with 
potassium ferrocyanide in zinc solutions, but it will give, with proper precau- 
tions, results which will agree as closely with those obtained by any of the 
standard gravimetric methods as two gravimetric determinations of the same 
sample will agree with each other, assuming that the proportion of y.iac 
in the sample be not less than ■!%.' II. van F. Furman expressed the 
opinion, based on numerous experiments, that once the zinc is obtained in 
solution in the proper form, its percentage may he more safely determined 
by this volumetric method than it can be by precipitation and subsequent 
ignition and weighing.* 

To prepare the standard solution of potassium ferrocyanide, 88 g. of the 
cliemically pure salt ' are dissolved in 2,000 e.c. of water. It is best to 
prepare the solution at least one day before standardization. In standardiz- 
ing, two portions of 0-800 g. each of pure zinc oxide, which has previously 
been ignited to convert any zinc carbonate into oxide, arc dissolved in 10 c.c. 
of strong, pure ehlorhydric acid. Then add 7 g. of ammonium chloride 
(which must be chemically pure) and S50 c.c. of hot water and titrate 
with the ferrocyanide. As the end-point is ncarcd, from time to time a 
drop of the solution is removed on the glass stirring-rod and added t« a. 
drop of a solution of pure uranium acetate (or nitrate) on a porcelain 
plate. So long as there is not an excess of ferrocyanide in the solution, 
the ui-anium acetate will retain its yellow color; hut so soon as the 
ferrocyanide is in slight excess, the uranium acetate will tnrn a liglit 
brown, the shade being darker according to the quantity of ferrocyanide in 
excess. The titration should he carried to the point where a slight brovraish 
tint is produced with the drop of uranium acetate. About 16 c.c. will be 
required and nearly that amount may be run in before making a test, but 
the titration should be finished carefully by testing after each addifionnl 

'See rroceedlQga of the Colorado Sden- 'Manual of Practical ABsas-lnK. third prtl- 

tine Soclctv, JuDc. 18(12 : and the Columbia 
School nt Mines QiiHrterly, XIV, i. 40; also 
Ibid. XXI, 111, 207 to 272. 
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drop of ffrrocvaniiif. As sooq as a brown tinge ie obtoincil note Ihe rwiding 
of the buTL'ttc and then wait a mimitL' or two to observe if one or more of 
the previous tests have not also developed a broftn tinge. Usually the end- 
piiint will be found to have been passed by a test or two, and the proper 
'orrection must then be applied to the burette reading. A further cor- 
rection must be made for the quantity of ferrocyanide required to produce 
a brown tinge under the same conditions when no zinc is present. In cal- 
culating the result, it will be reckoned that 800 mg. of zinc oxide contain 
!G0-fi88 nig. of zinc; 1 e.c. of ferrocyanide solution made up with 44 g. per 
liter will equal about 0-01 g. of zinc, or about 1% when 1 g. of ore is taken 
for assay. 

The uranium acetate solution is prepared by dissolving a siifRcient quan- 
tity of the salt in water to give a rather strong solution, which is clarified by 
adding a few drops of acetic acid. This solution pliould be kept in a small 
well-stoppered bottle in a dark place, siDce it is decomposed by the action of 
^■unlight. The solution of potassium ferrocyanide should be kept in a 
tightly stoppered green glass bottle. This solution will keep for a long 
time without alteration, providing the bottle be well stoppered and be not 
exposed to strong sunlight, but it is advisable to restandardize it every two 
or three weeks. 

Von Schulz and Low Process of 1893. — The best method for the technical 
iletermination of zinc in ores was the subject of a report by a committee of 
the Colorado Scientific Societ}'. whicli was read at a meeting of that society 
June 11, 1892. That committee decided in favor of a method of determina- 
■l^tion by titration with potassium ferrocyanide as described by Messrs. von 
^ulz and Low. of Denver, Colo., and their method, or a modification of it, 
f now generally employed in the United States. In the method as origi- 
Jly described by von Sehulz and Low, the ore is decomposed only by means 
t nitric acid saturated with potassium chlorate; this single treatment is 
mffieient for most ores. In the modification described by Furnian, 1 g. of 
finely pulverized ore is digested in a 3-fl or 4 in. casserole with 15 c.c. of 
aqua regia and evaporated nearly to dryness. If the ore be incom- 
tely decomposed by that treatment, which will seldom happen, how- 
rer, the solution must he evaporated to dryness, the silica dehydrated, and 
s insoluble residue fused with carljonate and nitrate of soda, the fused 
lass being then digested with water and acid and the silica separated Jn the 
.1 manner. In this case the first and second filtrates are combined, nitric 
dd is added, and the solution is evaporated nearly to dryness. 
In either case the subsequent procedure is the same. To the nearly dry 
raass 25 c.c. of a saturated .solution of potassium chlorate in nitric add, 
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prtpared by shaking an excess of the crystals with strong, pure nitric acid 
in a flask, is added gradually. The dish should not he covered at first, but 
sliould be wanned gently until violent a<;tion is ended and greenish fumes 
cease coming off. The dish is then to be covered with a watch glass and its 
contents boiled down to dryness, but overheating or baking is to be avoided; 
a drop of nitric acid adhering to the convex side of the watch glass does 
no harm. When the preliminary treatment with aqua regia is omitted, 
the ore is digested directly with 25 c.c. of the chlorate solution in nitrio 
acid, which is evaporated as above described. 

The dish is then permitted to cool sufSciently to he handled with comfort 
and 7 g, of ammonium chloride, 15 c.c. of strong ammonia water and 
25 c.c. of hot water are added to its contents. The latter are boiled 
for one minute, the dish or casserole being covered during that 
operation, and are then stirred with a rubber-tipped glass rod in 
order to insure that all solid matter on the cover, sides and bottom 
be either dissolved or disintegrated. The contents o£ the dish are next 
filtered into a flask of aiiout "50 c.c. capacity and the insoluble matter 
remaining on the filter is washed several times with a hot solution of 
ammonium chloride, containing 10 g. of the salt in 1,000 c.c. of water. This 
ammonium chloride solution is most conveniently heated in a wash bottle; 
it should be boiling hot and made slightly alkaline with ammonia. 

If the addition of ammonia to the casserole has produced a considerable 
precipitate of ferric hydrate, alumina hydrate, etc., the quantity of zinc 
hydrate that will bo carried down with it will be too great to be disre- 
garded, and it must be recovered by redissolving the precipitate and throw- 
ing it down again.' This is done most conveniently and with sufficient 
accuracy for ordinary technical purposes by transferring the first pre- 
cipitate from the filter to the original decomposing vessel, employing a 
epatula and wash bottle for that purpose and using as little water as 
possible. The excess of water is evaporated off and the precipitate is 
then treated with the mixture of potassium chlorate and nitric acid as 
before, and subsequently with ammonia, ammonium chloride and hot water, 
the original procedure being followed a second time. The sec- 
ond precipitate having been filtered off and washe<l properly with the 
ammonium chloride solution, the filtrate is added to that which 
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■was first obtained. If the precipitate of ferric hyilrate, etc.. obtained 
in the first procedure be ^mall, the quantity of zinc dragged down with it 
will be sufficiently minute to be ignored nnd the retreatniont uf the pre- 
cipitate may be omitted. In the case of pure zinc ores, &uch as those of the 
■Toplin district, the percentage of iron is so sniatl that the second treatment 
ii Tinnecessarj. 

In case there is no copper in the solution filtered off from the precipitntr 
III ferric hydroxide, chlorhydric acid should be added to the point of ncu- 
iralization, using a piece of litmus paper us a guide, and then 10 c.c. in 
excess. Pains should bo taken to have that degree of acidity in all deter- 
minations made against the same standard. An excess of chlorhydric acid 
i;' necessary to prevent interference of lead, but too great an excess leads to 
inaccurate results. If the presence of copper ia manifested by a blue colora- 
tion of the solution, the latter nmst be neutralized with chlorhydric acid 
:md after addition of an excess, say 10 c.c. of the acid, the copper must be 
precipitated with suiphurcted hydrogen, or by means of aluminimi foil, thin 
^■Jifet lead, or granulated lead. The last is the most convenient and is 
most commonly employed. From 20 to 40 g, are added to the contents of 
lb*' flask, which should be at a temperature of about 70° C, and shaken 
\igorou6ly until the copper in the solution ia precipitated, after which it 
should be perfectly colorless. 

The solution which should Htill be rather hot is now ready for titration. 
In performing the latter, it is a good plan to pour off about one-half of the 
solution and titrate rapidly until the end-point is passed, thus discovering 
lip proximately the percentage of zinc in the sample. The remainder of the 
solution is tlien added to the first portion and the titration is finished 
carefully, ordinarily by additions of two drops of ferrocyanide at a time. 
The addition of ferrocyanide should be stopped at the first appearance of a 
brown color and the reading of the burette should be taken. This reading 
is subject to the same corrections as were recited in connection with the 
standardization of the ferrocyanide solution. 

Gold, silver, lead, copper, iron, manganese and the ordinary constituents 

^jf ores do not interfere with the above scheme. Cadmium, behaves like zinc, 

^^bd if it be not removed by a special process, the result of the determina- 

Hnm will lie too high. When cadmiiun is known to be present, it may be 

^Rfemoved, together with the copper, l}y precipitation with sulphureted 

liydrogen, and the titration for zinc may be made upon the properly acidified 

filtrate without the removal of the excess of gas. There seems to be no 

simpler way to remove cadmium. If the copper be precipitated either by 

sulphnretod hydrogen or aluniinuu\ foil, it may be redissolved in nitric acid 
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and a roug-h detiTnii nation of copper may be mado from that Eolutioii- 
Wht'n copper is present in large quantity and is precipitated by sulphureted 
Ijydrogen, it is likely to carry down some zinc with it, except under nicely 
Irdwn conditions. Beringer recommends therefore that in the analysis of 
irass the copper be precipitated by electrolysia of a nitric acid solution be- 
fore proceeding to the titration of the zinc. 

Sulphide ores can ordinarily he decomposed by a simple digestion with 
the solution of potassium chlorate in nitric acid. In the case of slags 
different methods must be employed and it appears to he necessary to dehy- 
drate the silica before finally taking the zinc into aolntion, inasmuch as 
iielatinoiis silica is likely to retain some zinc. Von Sehulz and Low made 
the following notes as to details in the process :' Acids destroy the delicacy 
of the nraninm test and for that reason a strong aqueous solution of the 
acetate is used. By having the zinc solution only faintly acid the brown 
coloration in the end-test becomes almost instantaneous and no previous 
test will develop a color. Under these conditions, however, lead is apt to 
nterfcre seriously and the presence of an excess of acid is therefore a 
necessity. Win^n a strong solution of uranium acetate, not acidified, is 
;iscd as indicator, the error caused by the excess of acid in the zinc solution 

lounts to only two drops of fcrrocyanide, which may be allowed for, and 
the brown tinge develops so rapidly that the end-point is seldom passed by 
than one test. When an ore contains but little copper, the granulated 
lead used to precipitate it frequently coheres in lumps that may hold zinc 
solution. These lumps are most easily broken up after a little of the fcrro- 
cyanide has been added. They appear to cause no appreciable error in 
the work. Lead shot or thin sheet lead may he used if preferred and may 
be cleaned with strong nitric acid and used repeatedly, but it is simple and 
more satisfactory to employ granulated lead and throw it away after use. 

The method described above, although not free from defects, has proved 
well adapted for rapid and accurate work and has been in general use in 
the United States from the time of its first public description, nine years 
ago; no better method has since been offered. It is, of course, quite obvious 
that the method is not of universal application, but must be modified to suit 
tlw particular conditions. Sometimes a fusion may be necessary to effect 
complete decomposition, or perhaps a preliminary treatment with ehlor- 
liydrie acid may be required, in which case, however, all chlorhydric acid 
must he expelled before beginning the regular treatment, Tlie operator is 
expected to recognize such cases and apply the remedy. He is cautioned, 
however, to be very careful about modifying the method except from 
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■necessity ; most of the failnree reBult either from inattention to details or 

tho introduction of fanoied improvements. 

Von S'chulz and Low Process of 1900. — The latest form of the von Schub. 

^^md Low method was described by A. H. Low in the Journal of the Americiin 

^Piemical Society, XXII. iv. 198, April, 1900, as follows; 

} - '"To standardize the solution of potassium ferrocyanide, made up with 

■-3 g. of the salt per liter, weigh carefuliy aliout 100 mg. of pure zinc and 

dissolve in fi c.c. of strong chlorhydrie acid, using a 400 e.c, beaker. Then 

add about 10 g, of ammonium chloride and 200 c.c. of boiling water. Titrate 

with the ferrocyanide solution until a drop, when tested on a porcelain plate 

with a drop of a strong solution of uranium nitrate, shows a brown tinge.' 

About 20 c.c. of ferrocyanide will be required, and accordingly nearly that 

quantity may be run in rapidly before making n test, and then the titration 

should be finished carefully by testing after each additional drop. Instead of 

using a single drop of the zinc solution for the test, the reaction is much 

sharper if several drops are placed in a depression of the plate and testeil 

with a single drop of a strong uranium solution. As' this is near the end of 

the titration the quantity of zinc lost thereby is insignificant. As soon as 

a brown tinge is ohtainerl. note the reading of the burette and then wait a 

minutp or two and obsLTve if one or mopo oE tho preceding tests do not als" 

develop a tinge. The end-point is usually passed by a test or two and the 

burette reading must be corrected accordingly. A further correction must 

be made for the quantity of ferrocyanide required to produce a tinge under 

^_the same conditions wiien no zinc is present. This is only one or two drops. 

^nOne cubic centimeter of the standard solution will equal about 0-005 g. of 

Lainc, or about Ifo when 0-5 g. of ore is taken for assay, 

"To 0-5 g. of ore in a 250 c.c. pear-sliaped flask, add about 3 g. of 

potassimn nitrate and 5 e.c. of strong nitric acid. Heat until the acid is 

^^^}out half gone and then add 10 c.c. of a cold saturated solution of 

^^pitassium chlorate in strong nitric acid and boil to complete dryness. It is 

^fpii&Ily necessary to manipulate the flask in a holder over a naked flame to 

^TVoid loss by bumping. The boiling may be conducted rapidly, and toward 

the end it is best to heat the entire flask so as to expel every trace of liquid. 

The potassium nitrate sorves simply as a diluent of the dry residue ami 
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insures the completenese of the subsequent extraction of the zinc. Cool Buf- 
ficiently and add 30 c.c. of a prepared ammoniaeal solution and heat 
boiUng. Thie eolation is made by dissolving 200 g. of anunonium chloride 
in a mixture of 500 c.c. of strong ammonia water and 350 c.c. of water. Baill 
the contents of the flask very gently for about two minutes and then filteS 
through a 9 cm. paper and wash with a hot solution of ammonium chloridw 
containing about 100 g. of the salt and 50 c.c. of strong ammonia water to 
the liter. Collect the filtrate in a 400 c.c. beaker. The insoluble residue 
fihould be completely disintegrated and any ferric hydroxide present should 
appear of a fine sandy nature. Place a bit of litmus paper in the filtrate 
(not necessary if much copper is present) and neutralize carefully with^ 
chlorhydric acid, finally adding 6 c.c. of the strong acid in excess. Dilute 
lo about 160 c.c. and add 50 c.c, of a cold saturated solution of hydrogen 
sulphide. Heat nearly to boiling and the solution is ready for titration. If 
more convenient, or apparently adrisable, pass a current of hydrogen sul- 
phide gas through the hot solution diluted to 200 c.c. Copper and cadmium, 
which are interfering metals, are thus precipitated. Unless in large amount 
they need not be filtered off. Practically no zinc is precipitated with the 
copper under these conditions and the discoloration of the liquid by even 
10% of copper does not badly mask the uranium test. 

" Titrate the hot solution as follows : Pour off about one-third and set it 
aside in a heaker. Titrate the remainder more or less rapidly, according 
as much or little zinc is indicated, imtil the end-point is passed, using thi 
uranium indicator as in the standardization. Then add the greater part of 
the reserved portion and continue the titration with more caution until the 
end-point is again passed. Finally add the last of the reserved portion and 
finish the titration earefiilly, ordinarily two drops at a time. Make cor- 
rections of the final reading of the burette precisely as in the standardiza- 
tion. The true end-point is always slightly passed, and, after waiting a 
minute, it is usually sufficient to deduct for as many drops as show a brown 
tinge and one test additional. 

"When precipitating with hydrogen sulphide it is a matter of considerable 
importance to have the solution of a definite degree of acidity. Cadmium 
and copper are to be precipitated, while it is better to retain lead in solution 
and not unnecessarily blacken the liquid with its sulphide. If there is 
enough acid to prevent the precipitation of its sulphide the lead will not 
interfere in the titration. On the other hand too much acid will prevent 
the precipitation of the cadmium. It will not come down from a boiling 
hot solution containing S% of strong chlorhydric acid, but it is readily pre- 
cipitated from a 3% solution, while lead is not, if the liquid be nearly 
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ling. It is therefore recommended to have an excess of 6 cc. of strong I 

rllorhydric acid in the final bulk of 200 e.c. of solution. 

"Arsenic, irhcn present in largo amount, sometimes makes trouble by 
r"«taiiung iron in the ammoniacal solution. Xo attention need be paid to 
Ikisenic unless its presence in excess is thus indicated. In such a case begin | 

^new and give the ore a preliminary treatment as follows: To l)-5 g. of ^^1 
«~>rf in the flask add 10 c.e. of strong chlorhydric acid and 1 cc. of brominc.^^^^1 
Warm very gently for several minutes to decompose the ore witliout loss oi^^^H 
I jromine and then boil rapidly to complete dryness. The arsenic will thuS'^^H 
fcs sufficiently expelled. Then add the potassium nitrate and nitric acid aodt^^H 
'proceed in the usual manner. ^^H 

" In the case of ores that are free from cadmium, or where cadmium may I 
1n^ neglected, the copper may be readily precipitated witliout the use of 
liyrirogen sulphide as follows: after neutralizing the ammomaeal filtrate 
Jrnm the insoluble residue, acidify with an excess of 10 cc. of clilorhydric 
iicid and add about 30 g. of granulated test lead. Heat nearly to boiling 
iind stir the lead about until all the copper is precipitated. Then dilute to 
'-OO cc. and titrate as described, witliout removing the lead and precipitated 
cop per." 

Stone's Process for the Analysis of Manganiferous Zinc Ore. — G. C. Stone 
(li'scribed a modification of the original von Schulz and Low method, which 
jiresents advantages in the analysis of manganiferous zinc ores, like those 
ijf New Jersey.' According to his method, sulphide ores are host dissolved 
in chlorhydric acid and potassium chlorate, care being taken to have suf- 
iicient acid present to insure keeping all the manganese in solution. Oxides, 
rarbonates and silicates are dissolved in chlorhydric acid and boiled with 
the addition of potassium chlorate. Ores containing franklinite or rhodonite 
must first be fused with sodium carbonate and evaporated to dryness with 
chlorhydric acid to insure thorough decomposition, being then redis- 
frolved with chlorhydric acid in slight excess and boiled with potassium 
chlorate to oxidize the iron. Iron and alumina are precipitated with a 
solution of barium carbonate, which is prepared by warming the pure salt 
suspended in water with 2% or 3% of its weight of barium chloride; this 
converts the alkaline carbonate present into chloride, while the barium 
chloride remaining in the solution does not interfere with the process. The 
barium carbonate must be free from ammonia, and in effecting the solution 
it should be warmed for several hours. The solution from which the iron 
and alomina are precipitated should not contain a large quantity of free 
The iron must all be in the ferric state. 
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The thoroughly oxidized solution of the ore is washed into a 500 c.c. fl^l^ 
cooled, and barium carbonate suspended in water is added until the pre- 
cipitate curdles, an excess doing no harm. The precipitate is then filtered 
off and tiie solution is niade up to 500 c.c. The solution should be filtered 
from the iron immediately, in order to avoid precipitation of zinc, and 
should be titrated as soon as filtered ; if it be necessary to let the solution 
stand it must be made slightly acid, else some zinc will precipitate. Aliquot 
portions are taken for titration. One portion, which should contain be- 
tween 0-01 and 0-04 g. of manganese, is diluted to about 300 c.c, heated 
nearly to boiling in a white porcelain dish, and titrated rapidly with the 
standard potassium permanganate solution, with very vigorous stirring. 
The greater part of the permanganate necessary should be added rapidly, or 
the manganese oxide is apt to stick to the sides of the dish, making it difG- 
eult to see the pink color of the solution at the end ; therefore if the per- 
centage of manganese in the sample he not approximately known it is best 
to make a rough preliminary titration, running in 1 or 3 c.c, at a time. In 
a second portion, made slightly acid with chlorhydric, the zinc and man- 
ganese are titrated together by standard potassium ferrocyanide solution. 
Inasmuch as manganous ferrocyanide is soluble in a large excess of chlor- 
hydric acid, a large quantity of the latter is to be avoided, but 5 c.c. added to 
100 c.c. of the solution do not cause any appreciable error. The solu- 
tion is titrated cold. If manganese be present in appreciable quantity the 
color of the precipitate will darken as the ferrocyanide is run in and sud- 
denly change to a light greenish yellow shortly before the end is reached. 
If lead be present in the sohition, it must be sufficientl'v acid to prevent 
precipitation of that element by the ferrocyanide. A proportion of 5 c.c. 
of chlorhydric acid in 100 c.c. of solution is sufficient to prevent that and 
is not so much as to cause any appreciable error on account of the solubility 
of manganous ferrocyanide. A dilute solution of cobalt nitrate is em- 
ployed as indicator. A drop of the cobalt solution is placed on a white 
porcelain plate and a drop of the solution to be tested is added so that the 
drops touch, but do not mix; a faint greenish line immediately shown at 
the junction of the drops marks the end reaction. The solution should 
not be warmer than the ordinary tompcratiire of the laboratory. 

The manganese is precipitated as Mn,Fej(ON)i;. wherefore a quantity of 
potassium ferrocyanide that will precipitate four atoms of zinc will pre- 
cipitate only three atoms of manganese. The calculation of results is 
illustrated by the following example : " The strength of the ferrocyanide 
solution was 1 c.c.=0-00()06 g. zinc=O-00.'iS-l: g. manganese. The strength 
of the permanganate solution was 1 c.c.=0-001 g. manganese; 2-5 g. of ore 
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were dissolved and the solution was diluted to 500 c.c. ; 50 c.c, of this solution 
were taken for the determination of manganese and 100 c.e. for the determi- 
nation of zinc. Inasmuch as 1845 c.c. (=7-38% Mn) were used in the first 
and 27-85 c.c, were used in the SL'Cond titration, it is necessary to deduct i>-Gl 
c.c. (for the 0-0369 g. of manganese present in the 100 c.c.) from 27-85 c.c, 
leaving IS-M c.c. for the zinc, equal to 0-11053 g., or 22-11% Zn." 

This method has been used with very satisfactory results in the lahora- 
ifiries of the New Jersey Zinc Company, the determinationB of both zinc 
and manganese by it agreeing closely with those by gravimetric methods. 
In titrating manganese with potassium ferrocyanide solution, the uranium 
salts cannot be used as indicators because they react on the precipitated 
manganese ferrocyanide. Cobalt nitrate was found to be the best indicator. 
The solution of it should be dilute. In making the tests on the porcelain 
plate care should be taken that the drops do not mix, which would make it 
impossible to observe the reaction. If the color at the junction of the 
itrops does not show at once, the end-point is not reached. Often when near 
tlie end it will show after standing a few seconds, but at the actual end- 
point it shows as soon as the drops touch. The ferrocyanide solution is 
best made up with about 30 g. per 1,000 c.c. It is standardized by titrating 
solutions containing about 0-1 g. of zinc, made slightly acid with cldorhy- 
diic, and kept at about the same volume as is used in the analysis. The 
quantity of feirocj'anide necessary to give a reaction with cobalt in this 
volume of acidulated water must be determined, and the amount so found 
deducted for each titration; it is about 0-7 c.c. for a volume of 110 c.e. 
The solution of potassium permanganate is ma<Ie up with 1-99 g. per 1,000 
c.c, which makes 1 c.c.=^0-001 g. of manganese. It is standardized against 
iron in the usual manner, the manganese equivalent being found by multi- 
plying the iron value by 0-294646. 

Additional Notes Hcspecting the Ferrocyanide Method. — Among the other 
precautions to be observed in executing the ferrocyanide assay for zinc are 
lo have approximately the same bulk of solution in all the titrations; to 
have the same quantity of HCl present ; and to perform the titration at 
al>out the same temperature. If there he too large an excess of acid, or if 
t!}e solution he too hot, a decomposition is likely to take place, resulting in 
the iiberation of chlorine, which may be known by the solution becoming 
yeilow or yellowish green. On the other hand, cold solutions should not ho 
titrated : they give results that are too high. In a well-done assay the pre- 
cipitate should always he white and the solution colorless or nearly so. 
The bluish color whicli the precipitate frequently manifests is <" 
presence of trace.'! of iron. 
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L. L. de Ivoninck and Eugene Prost, after an elaborate investigation of the 
volumetric determination of zinc by potassium ferrocyanide, came to the 
eonclusioD that the reaction is more regular and its termination more 
eharply marked if the ferrocyanide is always in excess with respect to zincr— 
e.g., if the zinc solution should be run into the ferrocyanide. This involves 
inverse titration, which is not very practicable, or else to titrate back. The 
latter method has the advantage of showing the approaching termination 
of the reaction by the diminution of the intensity of color produced by the 
indicator; for these reasons de Koninck and Prost give preference to it.' 

E. H. Miller and E. J. Hall investigated the influence of various sub- 
rtances likely to be present when zinc is estimated by titration with potas- 
sium ferrocyanide and uranium acetate is used as indicator, such substances 
being added in successively increased quantity to constant known amounts of 
zinc solution which were titrated with ferrocyanide of a definite strength, 
uniform conditions of temperature and volume being carefully maintained. 
The following conclusions were drawn: (1) Salts, such as calcium chloride 
and sodium citrate, and acids, especially chlorhydric, disturb the end re- 
action by their solvent effect on uranium ferrocyanide. (2) Ziflc ferro- 
cyanide diminishes this effect in the ease of chlorhydric acid ; the correction 
established from blank tests is therefore slightly too great. (3) Ammonium 
chloride, not exceeding 17 parts, c'jes not affect the accuracy of the method, 
but has some unknown action on zinc ferrocyanide. (4) Aluminum sul- 
phate, in considerable quantity, renders the results unreliable, (5) Twelve 
parts of concentrated chlorhydric acid, sp. g. 1-8, suffice to prevent inter- 
ference by lead. (6) Antimony gives high results, but small quantities of 
bismuth have no iniluenee.^ 

Sodium Sulphide Method. — In the technical laboratories of Belgium, 
France, Germany, Sardinia and Spain the determination of zinc in ores and 
furnace products is commonly made by titration with a standardized solu- 
' tion of sodium sulphide, the methods employed being more or less modifica- 
tions of that which is known by the name of Schaffner. In the United 
States sodium sulphide titration is employed by a comparatively few 
chemists, ^ho prefer it to the ferrocyanide method. 

The estimation of zinc by titration with sodium sulphide depends upon 
the power of that reagent to throw down a white precipitate of zinc sul- 
]ihide from an ammoniacal solution. Various indicators are employed to 
show when the zinc has been entirely precipitated and sodium sulphide is 
in eicese, A solution of ferric chloride is frequently employed. Upon its 
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addition to the aromoniacal solution of zinc, flakes of ferric hydrate are 
produced, which retain their color until all the zinc has been precipitated, 
but blacken immediately in the presence of an cxcceb of sodium sulphide. 
Inetead of ferric chloride, solutions of nickel sulphate or lead acetate 
may be used, drops of those solutions being tested on a porcelain plate in the 
usual manner; an excess of sodium sulphide causes a black precipitate to 
bo formed. Acetate of lead paper is also sometimes employed. 

The solution of ferric chloride is prepared by dissolving 3 g. of iron wire 
in ehlorhydric acid and a little nitric acid and diluting to one liter. The 
sodium sulphide solution is prepared by dissolving about 100 g, of crystal- 
lized sodium sulphide in 3,500 c.c. of water. The solution should be filtered 
nr decanted in order to remove any black precipitate which may be formed 
in small quantity. 

The sodium sulphide solution is standardized against metallic zinc or zinc 
oside dissolved in ehlorhydric acid containing a small quantity of nitric acid. 
The solution of zinc is diluted, in a flask, to about SOO e.c. and ammonia 
in excess is added, after which 5 c.c. of the ferric chloride solution is 
introduced. The solution of sodium sulphide is then run slowly from a 

H^arette into the cold amaioniacal solution, which should he agitated coo- 

^Bnuously, until the ferric hydrate is blackened. 

WK In determining the zinc in ore, from 0-5 to 1 g. is weighed up and heated 
with ehlorhydric acid and a little nitric acid, a large excess of acid being 
iivoided. When decomposition is completed, the solution is diluted and 
ammonia and ammonium carbonate are added in excess. The solution is 
then heated gently for about 20 minutes, filtered into a flask and the residue 
on the filter well washed with hot aramoniacal water. To 5 c.c. of the ferric 
chloride solution ammonia is added in Bufl5eient quantity to precipitate the 
iron, after which the whole is poured into the ammoniacal zinc solution; 
this procedure prevents the coagulation which would be likely to occur if the 
ferric chloride were added directly. When the solution is cold, the titration 
with sodium sulphide is performed, observing the precaution to keep thu 
contents of the flask in continuous agitation. 

AVlien iron is present in the ore in only a small quantity the assay may 
l«: made vritbout filtering off the hydroxide which is precipitated upon 
addition of the ammonia, but it is preferable to remove it and it is essential 
to do so if the quantity is considerable, since the precipitated ferric hydrate 
is likely to retain zinc oxide; in the latter ease the precipitate should be 

. redifisolved and repreeipitated, the second solution being added to the first. 
If manganese is present in the ore complete precipitation is insured by the 
addition of a few drops of bromine water to the ammoniacal solution. If 
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the presence of copper is manife^ed bv the hlne coloration of the soluti(mi 
tliat metal must be removed by one of the conventional methods. If silver 
is present in aui&cient qoanttty to vitiate the result it should be separated 
by filtration from the chlorhvdric acid solution, before addition of the 
ammonia. Lead and cadmium do not interfere with the accuracy of the 
Bodium sulphide assay; the former remains insoluble as sulphate or if taken 
into solution is precipitated by the ammouium carbonate, while cadmium 
is insoluble in the ammoniacal solution. This is an advantage of the 
Bodium sulphide method over the ferrocyanide in the case of ores which 
contain eadniium, inasmuch as the special procedure for the eiimination 
of the cadmium is unnecessary. 

Another method of sodium sulphide titration was described by H. Nissen- 
Bon and B. Neumann in Chemiker Zeiiung, XIX, 1621, and the Journal 
of the Society of Chemical Industry, Jan. 31, 1896, p. S2. The folbw- 
ing is an abstract of their paper: 

" In the Schaffner process, the titration is made in an ammoniacal 
solution, and the indicator may be ferric hydroxide suspended in the solu- 
tion, or ferric chloride (Streng), nickel chloride (Kiinzel), cobalt chloride 
(Deus), alkaline lead tartrate (F. Mohr), lead acetate (Fresenius), sodium 
iiitroprusside (C. Mohr), thallium nitrate (Schroder), or lead carbonate 
(Schott). But of all these, only the first (freshly precipitated ferric 
hydroxide) and the last are generally used. In the analysis of blende, 1 g. 
fif the ore (or 0-5 g., if it contain more than 25% Zn) is heated in a 
flunk with 13 c.c. of strong chlorhydric acid, until all hydrogen sulphide has 
bc{'n driven off ; the solution is then perosidized with 3 c.c. of nitric acid, 
and after a short time 7 c.c. of sulphuric acid (1:2) are added, and the 
whole in evaporated until sulphuric acid fumes are observed. After cooling, 
tin.' liquid i» diluted and filtered. If cupriferous, the solution is boiled 
bcforo filtration with 5 to 7 c.c. of sodium thiosulphate solution (1:10) 
until no more smell of sulphur dioxide can be detected. The precipitate 
which containB the silica, lead, and copper is filtered off, and the filtrate is 
IRiri'SldiKcd with bromine water, and then treated with 25 c.c. of ammonia 
(up, itr. n'!)2ri) for the separation of iron, manganese and alumina. After 
liollinft and filtering, the precipitate is redissolved in chlorhydric acid (or is 
niiutt H'gia, if hiRhly tnanganiferous) and again precipitated. 

"Tim mixed filtrates are made up to 500 c.c. and set aside for 12 to 18 
lujiim f'T Ihc removal of the great excess of ammonia. Simultaneously, a 
iiiifintllV of puri' »inc, approximately equal to that in the ore under deter- 
iiiiiuillon. in weifjiied accurately, dissolved in a similar quantity of chlor- 
livilrli' ani\ nitric aeids, mixed with 25 c.c. of ammonia, made up to 500 c.c. 
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and set aside. Coda hae showu that, to insure accuracy, it is not neces- 
Earj to employ sulphuric acid for the solution of the check zinc. 

"A ehortcr method, employed by the authors, consists in taking double 
the quantities above »)uoteil all through, diBM>lving and proceeding as above, 
but boiling with sulphuric acid only for five or ten minutes (not to dryness) 
until red fumes cease to be evolved, making up to 500 c.c, after adding the 
ammonia, and filtering off only 250 c.c.. which is then made up again to 
-100 e.c. for titration. The result may be a httle low, but the error does not 
esceed 0-1%, while the titration is better effected, owing to the absence of 
jrreat excess of ammonia. 

"The success of the whole process depends upon attention to details in 
ihe titration. The sodium sulphide solution should contain 35 g. of tin- 
crystallized salt per hter, which is equivalent to about 0-01 g. Zn per cubic 
centimeter, but the titer rapidly altera on exposure to air, which necessitates 
the simultaneous performance of a check test with pure zinc. The burette 
may with advantage have a side-tube directly connected with the bottle con- 
taining the stock of standard solution, in order to minimize the action of 
the air when the burette is filled. Care must be taken that the color of the 
spot upon the lead paper, which marks the end of the reaction, shall be 
ideatical in the ore- and checlv-solutions, as in that case the variation in 
tlie sensitiveness of the eyes of certain operators in regard to the detection of 
the first darkening of the paper is eliminated. Two drops should be 
allowed to fall successively, after the lapse of a few seconds, upon the 
same spot upon the paper, the drops being taken from the solution by means 
of a narrow glass tube, which also serves as a stirrer. Toward the end of 
the operation, a test should be made after each fresh addition of 0-1 c.c. and 
very thorough stirring must be effected each time. A high temperaturo 
(even that of a hot summer day) and a great excess of ammonia ahke 
interfere with the sharpness of the spotting reaction. The titration must, 
of course, be made in a room of which the air is quite free from hydrogen 
eolphide. 
" When copper is present it is possible to make a determination in the* 
■ *bove way on a part of the solution, deducting from the result the equivalent 
ft«f copper found colori metrically in another portion; but this is not recom- 
Btaended, as the presence of copper sulphide interferes with the sharpness 
! the lead-paper indicationa. For approximate and rapid work with 
Jnpriferous smelting products, the separation of copper may be avoided by 
tdding to the ammoniaeal solution, before titration, sufEeient potassium 
Byanide solution to remove all but a trace of the blue color from the liquid. 
i trace of blue is left to insure that no excess of cyanide shall have been 
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landed, as this would interfere witli the accuracy o£ the result, through the ■ 

iforniation of a double cyanide of zinc. 

I " The sodium sulphide method if properly conducted will give results in 

I exact roDCordance with those obtainLni gravinietrically." 

n. Pellet found that the animoniaca! salts, produced when aminoma is 
employed in the estimation of zinc in plumbiferous minerals hy the Schaff- 
ner method to neutralize the acid solution before titrating the zinc with 
sodiuiu sulphide, retain in solution the lead present and so falsify the 
titration.' In order to avoid such error he substituted potash in that 

I ojteration, leaving the liquid just sufficiently acid to prevent the deposition 
of the zinc. The solution is then poured into ammonia, agitated, and 
filtered, the filtrate being titrated with standardized sodium sulphide, one 
drop of ferric chloride (20%) solution being added as indicator. By this 
means the method retains its accuracy even in presence of 40% of lead. It 
is found that the volume of sodium sulphide solution required per unit of 
zinc increases slightly with the dilution of the liquid. An important point 
is to pour the neutralized solution into the ammonia, and thereby ohTiate 
the deposition of zinc oxide, which would otherwise have to be redissolved. 
In dissolving the mineral. Pellet prefers to oxidize the iron present by 
means of potassium chlorate instead of nitric acid. 

E. G. Ballard recommends the use of a bright silver plate for determining 
the end-point in the titration of zinc with sodium sulphide solution. If thc 
titration is done with a cold solution, a large excess of ammonia is to be 
avoided.^ .'- 

Other Methods. — For a description of other volumetric methods and 
the standard gravimetric methods the reader is referred to the various text- 
books of analytical chemistry. Some notes from recent chemical literature 
are subjoined, . i 

Titralion with Standard Acid. — Dementief has proposed to deter- i 
mine zinc by adding to an acid solution an excess of NaOH, sufficient to > 
I redissolve the Zn(OH);. The solution is then divided exactly in halves; one 
is titrated with standard acid and tropreolin 00 indicator, which gives 
Zn(OTI)i,+NaOH; the other half is titrated with standard acid and 
phenolphthalein, which gives only the NaOH. The difference is the measnre 
oftheZn (OH)j present.' 

Titration with Standard Alkali. — ^P. H. Walker has described a method 
for the volumetric determination of zinc which is a modification of that 

' Bull. Assoc. Belgs dea Chlm.. XI. Iv. 12B-I30. 

I9,TourD. Bnc. Chpin, Ind.. Mn.v 31, 1SI>T. ^^H 

'.Toiirn. ^m. Pb.te. Clieni. Tti]si.. XXV. Ill, 222. ^^^H 
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Svised by Stoiba for the determination of magnesium. To tke zinc solu- 
wbicii sbould contain ammonium chloride, a large excess of 

moaia ie added, followed by a large exeess of sodiuui phosphate 
Dlntion, Chlorhydric acid is then gradually added until, after Btir- 
ing, the solution remains DiiUty. It ehould then be heated to about 
5° C, and the gradual addition of acid continued, with constant stirring, 
ntil nearly complete neutralization is attained. By this means the precipi- 
ite becomes crystalhne; after standing five minutes it should be filtered off 
nd washed with cold water until the washings show only a faint trace oE 
lilorine. The filter paper and precipitate are then returned to the beaker 
I which the precipitation was carried out, an excess of standard acid la 
dded, and the cjiact point of neutrality is determined by means of standard 
Ikali, using methyl orange as indicator. 

The reaction wliich takes place is represented by the following equation : 

ZnNH.P04-fnjS0.=ZnSO.+NH.H,P0,. 

Calculation from the above equation shows that 1 c.c. of normal acid 
orresponds with 32-7 mg. of zinc. 

The method gives good results. Since the zinc ammonium phosphate is 
not precipitated in presence of a large excess of ammonia, any magnesium 
iresent, which will be precipitated, may be removed by filtration, and the 
dtrate neutralized to throw down the zinc. Fairly good results are obtained 
f this method also in the presence of iron, calcium and magnesium, but 
■any manganese must be previously separated, best by means of nitric acid 
and potassium chlorate.' 

Titration with Sodium Tkiosulphate- — B. K. Meade has described a 
. -method for determining zinc by titration with a standard solution of 
■Bodinm thiosulpliate. Manganese is first thrown down as dioxide by means 
£ potassium chlorate and nitric acid. After filtering, the iron and alumina 
e separated by double ammonia precipitations. Calcium and magnesium 
c removed by the addition of a large excess of sodium arsenate, and then 
the zinc is precipitated by adding nitric and acetic acids. The iodine 
^berated by digesting this precipitate in an acid solution of potassium iodide 
B titrated with standard thiosulphate and the amount of zinc calculated. 
e time required for four determinations, without any effort at speed, was 
K)ut eight hours. The ore tested contained 30-18% Zn; the method de- 
ribed gave 30-00, 29-98, 30-04 and 29-98%.' 
Pouget has proposed to pass sulphureted hydrogen through a zinc solu- 
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tion containing sodium acetate, precipitating the zinc as ZnS : after boilii^ 
to remove the excess of HjS tht? sulphur of the ZnS, and consequently the 
zinc, is estimated by the addition of iodine solution and titration with 
standardized sodium thiosnlphate.' 

P. Knaps has also described a method for the determination of zinc by 
means of iodine solution. Zinc sulphide, in the acetic solution in which 
it is ordinarily precipitated, is converted by iodine into zinc iodide and 
fiulphur. If, however, more than 0-05 g. of zinc sulphide to 200 c.c. of 
water be present, the separated sulphur protects particles of it from the 
action of the iodine. This can be prevented by forming a precipitate, such 
as barium sulphate, in the liquid prior to the introduction of the hydrogen 
sulphide. Thus, from 10 to 30 c.c. of a solution of 150 g. of barium 
chloride in a liter, and the same quantity of sodium sulphate solution 
(200 g. per liter), are introduced, the zinc precipitated, and the escesa of 
hydrogen sulphide removed by boiling. An excess of standard iodine solu- 
tion is then added, the liquid is shaken for one or two minutes, and the 
excess of iodine is titrated with standard sodium thiosulphate solution. 
Ammonium salts do not interfere, and the results are accurate even in the 
presence of considerable quantities of manganese salts. ^ 

Electrolytic Assay. — H. Paweck described a method for the estimation of 
zinc electrolytically, employing a platinum anode and a cathode consisting 
of an amalgamated brass wire gauze disk, 6 em. in diameter, suspended from 
the center by a 1 mm. wire. The electro!ji:e, about 200 c.c. in volume, may 
be either acid or alkaline; a current of 3-6 volts is used. Eesults are said 
to be fairly satisfactory as to accuracy.' 

Gravimetric Method by Precipitation as Sulphide. — J. Meimier states that 
the difficulty experienced in collecting zinc sulphide for gravimetric deter- 
mination is overcome in the following simple manner: The zinc solution, 
preferably slightly warmed, is precipitated with ammonia, just sufBcient of 
the precipitant being cautiously added to redissolve the hydrate at first 
formed. A slow current of sulphurcted hydrogen is then passed through the 
solution until a drop of it, on a white tile, gives a blackish coloration with 
another drop of a solution of ferrous sulphate. When this occurs the whole 
of the zinc will have been precipitated, and is in a suitable condition for 
collection. The passage of the gas is immediately stopped and the zinc 
sulphide collected, washed, and dried in the usual way. It will be found 
that the filtrate will at once run perfectly clear, and that the precipitate 
may he rapidly washed, especially if warm solutions be employed. The 
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presence of largu nuantitifs uf other salts does not affect the ease I 
rapidity with which the process may be conducted.' 



DETERMISATiON OF CaDMIUM. 

There arc numerous good methods for the detcrmiuation of cadinial 
liut as in the case of zinc there is none better for ordinary technical pur- 
[joses than the ferroeyanide method, which ie applicable to cadmium in 
'lip same way as to zinc. Ina^mucli as cadmium occurs generally with 
/.ine and it is desirable to estimate both eicments, a convenient combination 
"f methods can be made whereby Ijoth can be determined from the same 
siimple. To do that the sample should be treated as described under the 
caption of the von Schulz and Low process of 1900. The cadmium and 
I opper sulphides precipitated by means of hydrogen sulphide are filtered off. 
The filtrate is used for the determination of zinc in the regular manner. 
The precipitate is washed with a solution of hydrogen sulphide and then 
dissolved in a little hot, dilute rhlorhydric acid. The solution sliould then be 
further diluted and the copper precipitated by means of test lead or 
aluminum foil in the conventional manner. If no copper be present 
that step will of course be omitted. 

Inasmuch as zinc may be to some extent dragged down with the sulphides 
precipitated with sulphureted hydrogen, it is advisable to redissolve them 
in chlorhydrie acid and precipitate them a second time. Or the chiorhydric 
acid solution may be heated to boiling and then be poured into an excess of 
cold sodium hydrate solution, whereby insoluble cadmium hydroxide is 
thrown down, while the zinc hydroxide is kept in solution by the excess of 
caustic soda. The cadmium precipitate is then filtered off, redissolved in 
chiorhydric acid and proceeded with in the usual manner. 

The solution freed from copper is then ready for titration with the 
Btandard solution of potassium ferroeyanide, using uranium nitrate as in- 
dicator. The same solution may be used for cadmium as for zinc; the zinc 
i'((uivalent in iiiilligrams per 1 c.c. is to the cadmium equivalent as 
115-4 : 112-3, those figures being respectively the atomic weights of zinc 
and cadmium. If many determinations of cadmium have to be made, how- 
ever, it is preferable to prepare a special solution of potassium ferro- 
cvanide, about 58% as strong as that used for zinc, and standardize it 
against a known weight of chemically pure, metallic cadmium. 

Numerous methods for the determination of cadnuum which are em- 
ployed in European laboratories are described in Das Cadmium, a pamphlet 

'Compti^s RetidiiB, CXXIV, iil, 1151. 
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by E. J«nscb, reprinted from Sammlung Chemi^clier und Chemist 
niecher Vorlrage, III, vi, (1898). In general, these are gravimetric 
od£ ia which the eadmimn is weighed as sulphide on a tared filter, 
oxide obtained bv calcination of a final precipitate of hydroxide or carbonate. 
E. H. Miller and E, W. Page have recently investigated several methods 
for the quantitative determination of cadmium.' They found the elee- 
trolrtic method to be very accurate if a large excess of potassium cyanide 
and the presence of other salts be avoided. The carbonate method is the 
most troublesome and the least accurate. A very accurate method is the 
precipitation of cadmium from a neutral solution (cold) by a large excess 
of di-ammoninm hydrogen phosphate and either weighing the precipitate 
as CdSH,PO.,H,0 on a tared filter (after drying at 100° to 103° C), or 
di^olving it in dilute nitric acid and igniting to pyrophosphate. 

Deteemination op Lead. 

The zinc smelter ia frequently required to determine the percentage of 
lead in ore and spelter. The latter is commonly done gravimetrically, 
weighing the lead as sulphate as described in a subsequent section. The 
percentage of lead in ore is determined most conveniently by volumetric 
analysis, the permanganate, the molybdate and the ferrocyanide methods 
all being satisfactory with respect to speed, simplicity and the degree of 
accuracy required for technical purposes. 

Ammonium Molyhdale Method. — This method, which is due to H. H. 
Alexander, is based upon the fact that ammonium molybdate added to a 
hot solution of lead acetate will precipitate lead molybdate, PbMoO^, which 
is insoluble in acetic acid, while an excess of the ammonium molybdate 
will give a yellow color with a freshly prepared solution of tannin. The 
standard aolution of ammonium molybdate is prepared by dissolving 9 g. 
of the salt in 1,000 c.c. of water, affording a solution of which 1 c.e. is 
equal to about 0-01 g. of load. If the solution be turbid, it can be clarified 
by adding a few drops of ammonia water. The tannin solution is prepared 
by dissolving 1 g. of tannin in 300 c.c. of water; it is used on a porcelais 
teat plate. To standardize the molybdate solution, weigh out 0-3 g. of pure 
lead sulphate and dissolve it in hot ammonium acetate, acidify the solution 
Willi acetic acid and dilute with hot water to 250 c.e. Heat to boiling and 
thi'U titrutc with the molybdate solution until all the lead is thrown down 
tu M whilo prvcipitate, which ia ascertained by testing the solution from time 
W tiiwc with a dr<,>p of the tannin solution on a porcelain plate. So long^as 
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1 is in excess no color is produced, but as soon as the lead is pre> 
d the excess of the molybdate shows a yellow color with the tannin 

L. 

I determining the lead in an ore or furnace product by this method 
[■ of the sample is decomposed by heating in a casserole with 15 c.c. of 
long nitric acid and 10 c.c. of strong sulphuric acid. \Mieo the nitric 
s completely expelled, which is Indicated by the appearance of fumes 
phuric anhydride, the casserole is removed from the heat and cooled. 
s contents are then diluted with hot water, stirred thoroughly and boiled 
imtil all soluble sulphates are dissolved. Then filter, leaving as much of 
ihc precipitate in the casserole as possible and wash twice with hot, dilute 
sulphuric acid and once with cold water. Then add to the lead sulphate 
remaining in the casserole hot ammonium acetate, pour the hot solution on 
ihe filter, and allow it to run through Into a clean beaker. This operation 
is repeated until the lead sulphate is completely dissolved. Then wash 
')ut the casserole thoroughly with hot water into the filter. Dilute the 
solution to 250 c.c, with hot water and heat to boiling. Then titrate with 
ihe ammonium molybdate.' 

A determination can be made readily by means of the molybdate method 
ia 30 Diiawtes, It gives excellent results in the presence of the moat com- 
mon Impurities, but fails when lime is present, owing to the precipitation 
of calcium molybdate. In the case of calcareous ores a combination of the 
permanganate method and the molybdate method may be made, the former 
Iielng followed up to the point of precipitation of the lead by zinc. The 
precipitated lead should then be dissolved in dilute nitric acid, using as 
Ismail quantity as possible, after which the solution should be made alkaline 
with ammonia, and then neutralized with acetic acid. The titration with 
ammoniiim molybdate may then be proceeded with.^ 

Potassium Permanganate Method. — In the employment of this method, 
which was devised by Mr. F. C, Knight, 1 g. of ore is treated with 15 c.c. 
of strong nitric acid and 15 c.c. of strong sulphuric acid in a i in. casserole, 
covered with a watch glass. Heat until decomposition is complete and 
fumes of sulphuric anhydride appear. Then remove the casserole and when 
it IB cool add gradually about 50 c.c. of cold water, heat to boiling and 
filter immediately. Wesh well with boiling water, slightly acidified with 
sulphuric acid, and finally with pure hot water. Einse the insoluble residue 
into a beaker of about 200 c.c. capacity, using not to exceed 50 c.c. of water; 
add 5 c.c. of concentrated chlorhydrie add, cover with a watch glass and 
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boil for five niiuutce. Tlie sulphates of lead and lime pass into solution. 
much silica and barium sulphate be present it ie best to filter and i 
veil with boiling water. The filtration must be done rapidly. S 
quantities of silica do not interfere, but large quantities prevent a subsft-l 
(juent precipitation of the lead in one spongy mass. 

Dilute the solution with water to about 100 c.e., keeping it hot but not 
boiling. Add 2 g. of granulated zinc (free from lead), which will pre- 
cipitate the lead in the solution as a metallic sponge. When the action of 
the acid on the zinc has apparently ceased add O'O g, more of zinc 
and allow to stand for five minutes. Then boil the solution and add 
10 c.a of coneentratwl chlorhydric acid, which dissolves the remainder of 
the zinc and leaves the lead sponge floating on the surface of the solution. 
Decant off the solution, wash the lead sponge with cold water and press it 
out flat with the finger. Then dissolve it in 1 c.c. of concentrated nitric 
acid and 20 c.c. of hot water, add a slight excess of sodium carbonate* and 
redlissolve the precipitated lead carbonate by the addition of 5 e.e. of strong 
acetic acid. Add 20 c.c. of 95% alcohol, heat the solution to 65° C. and 
precipitate the lead with a saturated solution of pure crystallized osalic 
acid. The lead comes down immediately as a dense, white, crystalline pre- 
cipitate. Stir briskly until the precipitate settles, leaving a perfectly clear 
supernatant liquid. Filter and wash the precipitate three times with a hot 
mixture of alcohol and water (1: 1) and then four times with hot water 
alone. In wasliing the precipitate it is advisable to use a fine jet, keeping 
the stream on the filter and not allowing it to flow on the glass, «inee other- 
*viBe the precipitate is likely to creep up and thereby occasion loss. When 
thoroughly wasbed the precipitate is rinsed into a flask or beaker with 
about 60 c.c, of hot water and 5 e.e. of concentrated sulphuric acid. The 
oxalic acid combined with the lead and set free by the sulphuric acid is 
then determined by titration with a standard solution of potassium per- 
manganate, in the same way as for the determination of lime. The 
potassium permanganate solution should be prepared by dissolving 1-58 g. 
of KMnOj in 1,000 c.c. of water. One ciibic centimeter of a solution of ' 
that strength is equivalent to about 0-05 g. of lead. The solution is i 
standardized against oxalic acid, the equivalent in terms of lead bong 
calculated by multiplying the oxalic equivalent by 1'6428.2 I 

There are no metallic impurities likely to be encountered in zinc ores or 
furnace products which interfere with the accuracy of this method. A 
determination can be made in 35 to 40 minutes. The disadvantage of tie 




^^Bhod is that the result is liable to l>c a little low on account of tho incom- 
^^He precipitation of the lead ab oxaktc. According to Mr. Knight about 
W9tto% of the lead present is obtained. Thin inaccuracy is of minor 
importance in connection with the low percentages of lead that the zinc 
smelter finds in his products and otherwise the permanganate method is a 
, verj- good one. 

^ Polassium Ferrocyanide Method. — The estimation of lead by titration 
I with a standard solution of potassium ferrocyanide is iiighly recommended 
B by Furman, in his Manual of Practical Assaying, who states that 1 g. of 
tlie sample should be treated in the same manner as with Alexander's 
method up to the point where the lead Is precipitated as sulphate. The 
pr(.-eipitate of lead sulphate should be waebed and then transferred into 
I lie flask or beaker with the use of the minimum quantity of water. Add 
.:i) c.c. of a saturated solution of ammonium carbonate, heat quicldy to 
Uiiling and boil at least one minute in order to decompose any calcium 
sulphate which may have formed. It is essential that calcium sulphate be 
converted into carbonate, since otherwise it would react upon the dissolved 
„ lead and cause low results. Filter and wash thoroughly with hot water 
containing a little ammonium carbonate. Dissolve the washed carbonate 
of lead in strong acetic acid, dilute to about 180 c.c. and titrate with the 
standard solution of potassium ferrocyanide in the same manner as for 
rinc The ferrocyanide solution should contain 14 g. of the salt per liter, 
and when of that strength one cubic centimeter will be equivalent to about 
O-Ol g. of lead. 

Detehmination of Ikon. 

The methods of determining the percentage of iron in ores are so nu- 
merous that they cannot be described properly except in a special treatise on 
analytical chemistry. It will be sufficient here to refer only to the method 
of titration with potassium permanganate, which is the quickest and most 
tapily performed of all the methods of determining iron and if properly 
carried out gives results which answer all the purposes of technical analysis. 
The potassium permanganate method is based on the measurement of the 
voUmie of the reagent required to oxidize the iron from the ferrous to the 
ferric state, a pink color being imparted to the solution the moment the 
conversion is complete. It is essential therefore after effecting a solution 
of the iron of a sample to reduce it completely to the ferrous condition 
before subjecting it to titration. 

1 The standard solution of potassium permanganate is prepared by dis- 
■olving 5'9 g. of the pure crystallized salt in 1,000 c.c. of water. This 
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solution should be made up at least 48 hours before standardizing, 
be kept in a well-stoppered bottle and should be well shaken before use. TUl*^ 
solution, if carefully kept (action of direct sunlight should be avoided), dAl"?^ 
not alter, but it is well to titrate it afresh occasionally. It is standardiidl^'^ 
against metallic iron, the latter being used generally in the form of fiiil*'- 
soft iron wire which contains 99-6 to 99-7% Fe. About 200 mg. of fti**- 
latter are weighed out and dissolved in 10 c.c. of dilute sulphuric 8od l^- 
by gently warming in a 250 c.c. flask. To the solution^ diluted with abovfc p 
100 c.c. of water, a small quantity of pure granulated zinc is added, irfiiA \? 
has the effect of reducing ferric sulphate to ferrous sulphate, the solution 
becoming colorless when the reduction is complete. The loss of color is not, 
however, a sufficiently accurate guide, since some of the ferric iron may 
remain when the solution is apparently devoid of color. The completeness 
of the reduction should be tested therefore by removing a drop of the 
solution on a glass rod to a porcelain plate and adding a drop of ammonium 
sulphocyanate solution; if the iron be completely reduced to the ferrous 
condition the drop will remain colorless, while if any ferric salt be present 
it will turn red, the depth of the color depending on the quantity of ferric | 
iron present- The reduction being complete, the contents of the flask are 
further diluted by the addition of cold water and then decanted from the 
undissolved zinc into a large beaker, the flask and the zinc being well 
washed and the washings added to the original solution. The solution is 
then made up to about 700 c.c. and about 20 c.c. of dilute sulphuric acid 
are added. The titration with i)otassium permanganate is then proceeded 
with, and the iron equivalent of the standard solution is calculated from 
the number of cubic centimeters used. The solution containing the iron 
should not be permitted to stand too long before beginning the titration, 
since some of the iron is likely to be reoxidized by exposure to the air ; all 
evolution of gas from the action of sulphuric acid on minute particles of 
zinc decanted over with the washings should have ceased, however, before 
beginning the titration. The end-point of the reaction is manifested when 
one drop of the permanganate produces a pink coloration in the solution 
under analysis which cannot be stirred out. The fact that the color may 
disappear after a time need cause no uneasiness, however, since that is 
one of the results of the natural conditions involved in the reactions. 

The potassium permanganate solution may also be standardized against 
oxalic acid, 250 mg. of the latter being weighed out and dissolved in 100 c.c. 
of water. Then add 6 to 8 c.c. of pure concentrated sulphuric acid, heat 
to about 70° C. and run in the permanganate solution imtil a permanent 
color is obtained. The color will disappear very slowly at first, but after 
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?^ ^mall quantity of tbe pemumganate ^intion has be«i added it will dM- 

B^ppear rapidly. Owing to tbe smaller balk of the oxalic acid soIotioD as 

SJODipared with the iron golation, when the standanlization is performed by 

"the former mcflioil, one or two drops less of the permanganate solution an.- 

-required and allowance should U. made for tbem. Id ftandardiziDg against 

. oxalic aeid the e<|iiivalent of iron is calcnlated on the as^omption that 

250 mg. of oxalic a«id— 222 mg. of iron. Care mnsl be taken that the 

oxalic aeid employed be pure and perfectly dry. Instead of oxalic acid, tho 

permanganate may he standardized against cryi*alli2e<l auimonium oxalate 

[(NH,)C„0,+HjO]. which can lie easily prepared in the pare state and 

keeps well; 142-08 parts of that salt correspond to 112 part^ of iron. 

To determine the percentage of iron in blende, dissolve 1 g. of ore in s 
small casserole nith 4 c.c. of strong chlorhydric acid, 10 c.c. of strong nitric 
&cid and 1-5 c.c. of dilute (1:1) sulphuric acid added in the order m^i- 
tioned. Heat on a sand batli or iron plate until dense white fumes of 
- sulphuric anhydride are evolved, and then for about three minutes longer 
in order to be sure of removing the last traces of nitric acid, which in 
essential. Then cool and add about 50 c.c. of water. Pour the solution 
into a flask, washing out the casserole and adding the washings to the 
solution in the flask. Add metallic zinc to reduce the ferric sulphate and 
ll'en proceed in the same manner as in the standardization against metallic 
iron. 

If the proper precautions are observed, iron in a chlorhydric acid solution 
may be determined by titration with potassium permanganate, although it 
is frequently asserted that this method is not accurate. Furman states, how- 
ever, that if only a small quantity of chlorhydric acid be present and thif 
solution is extremely dilute ( 700 c.c.) and cold and moreover contains a large 
cscesB of sulphuric acid (usually 20 c.c. of concentrated acid), the results 
obtained are as reliable as when sulphuric aeid is used as tlio solvent. A:* 
It fiirther precaution some chimists add a few cubic centimeters of a 
saturated solution of manganou'* sulphate before titration, but that is un- 
necessary if the above conditions are carried out however, inasmuch as 
the addition of inanganous sulphate can do no harm it is well to use it 
when in doubt or when i contiderabk quantity of chlorhydric aeid ha« 
been employed.' Bennger has also shown that good results may be obtaineiT 
with the use of a chlorhydric acid solution, if the acid be not greatly in 
e-xeess.* 

a determine the percentage of iron in oxidized ore.s dissolvp 1 p. in a 
11 ca^erole with 5 c.c. of chlorhydric acid. Dilute with waler, filter and 

'Oji. c!t.. p. 1T3, 'Teitbook of Aauytaz. p. 200, 
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n (luce the iron in the solution by means of metallic zinc. Then titrate as 
iu standardizing against iron, Moet ores will j-ield their iron by a simple 
boiling with chlorhydrie acid. IE the sample be a furnace product which 
perhaps cannot be decomposed in that manner, use the three acids as in 
dealing with a sulphide ore, 

In case the ore is to be digested with chlorhydrie acid and that solution is 
to be titrated, it is advisable to dissolve the iron for standardization in 
clilorhydric acid also in order that the conditions may be precisely the 
same. However, if the solutions contain only from 5 to 10% of free 
chlorhydrie acid the results will be the same as those obtained from a 
sulpliTiric acid solution. 

Determination of Lime and Magnesia. 

Lime is most easily determined by precipitating it as oxalate from 
solutions, decomposing the calcium oxalate by dilute sulphuric acid and 
titrating the oxalic acid thus liberated with potassium permanganate. The 
permanganate solution may be the same as is used for the determination 
of iron and may be standardized in the same manner. If it be made up of 
such strength that 1 c.c.;=0-01 g. of iron, 1 c.c. will be equal to 0-005 g. of 
lime. There is no convenient method for the volumetric determination of 
magnesia, and that is commonly estimated gravimetrically as described by 
Freaenius. 

Lime. — In determining lime weigh up 1 g. of ore and digest with 6 
or 7 e.e. of chlorhydrie acid, adding a few drops of nitric acid to aid in 
the decomposition of any sulphides that may be present. If there be no 
6\dphidcE the nitric acid may be omitted. In the ease of sulphide ores 
it is best to decompose with a mixture of 4 c.c. of strong chlorhydrie acid 
and 3 c.c. of strong nitric. The solution is then evaporated to dryness and 
heateti to about 120° C. to drive off the free chlorhydrie acid and render the 
silica insoluble, after which the soluble matter is taken ap again by boiling 
with a few cubic centimaters of chlorhydrie acid, diluted with water and 
filtered. If the ore be argillaceous and likely to contain lime as silicate the 
sample must first be fused with 5 or 6 g. of sodium carbonate, because cal- 
cium silicate is not completely decomposed by chlorhydrie acid. The fused 
mass is then digested with water and chlorhydrie acid in slight excess and 
the solution evaporated and taken up again as before described. In case 
barium sulfihste and lead suljihale be absent, the insoluble residue may be 
washed, ignited and weighed as silica. Lead sulphate, which will be formed 
by the oxidation of the sulphide by 
ment with a warm solution of 



de by nitric acid, may be dissolved by treat- J 
ammonium acetate, ] 
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The solution in which lime is to be determined muet be free from Ivail, 
nhicli if present must be precipitated by sulphureted hydrogen or othern'iw.'. 
Iron and aluminum arc then removed by precipitation wltli ummoniu, an't 
finally eaieiuni is precipitated ag oxalate by the addition of ammouiuiu 
oxalati' or oxalic acid. The solution in which the precipitation is made 
should not be much over 100 c.c. in bulk. If oxalic acid be used as the 
])recipitant there should be a eufRcient exccBB of ammonia present to insure 
that the solution will be alkaline after the addition of the acid. If mag- 
nesia be present the ammonium oxalate should be in considerable exci^s 
in order to insure that all the magnesia will be converted into oxalate, 
which is soluble. Tlio contents of the beaker must then be heated to boiling 
for a few minutes and filtered inmuHliately, whereby there will be no danger 
^r the calcium oxalate running through the filter paper. If there be no 
magnesia present the precipitate is washed with boiling water until the 
washings cease to give a reaction for oxalic acid. The filter paper with its 
contents is then spread out on a watch glass somewhat larger than the paper, 
and the precipitate i.« washed off with hot water from a wash-bottle with a 
fine jet into a beaker, the washing being finished with some dilute sulphuric 
acid used in the same manner. 

If magnesia be present it is safest to redissolve the precipitate in chlor- 
bydric acid, which is done conveniently by spreading the filter paper on a 
watch glass and washing the precipitate into a beaker as described abovf. 
finishing with chlorhydric acid instead of sulphuric. The chlorhydric acid 
should be hot and dilute and as little of it should be used as possible. The 
chlorhydric acid solution should then be diluted with boiling water to about 
50 e.c, and after being made alkaline with ammonia about 20 c.c. of nm- 
|jmonium oxalate solution should be added and the contents of the beaker 
Mted nearly to boiling. The precipitate is then to be filtered off and 
rashed into a beaker as described above. 

To the precipitate washotl into the beaker wn'th the aid of hot water and 

lilute sulphuric acid about 10 to 15 c.c. of sulphuric acid should be carefully 

hdded and the solution heated to about 70° or 80° C, when it is ready for 

titration with the standard solution of potassium permanganate. The latter 

ihould be run in with moderate rapidity and with constant stirring of the 

Beolution until a permanent pink tinge is produced, indicating the end-point 

f the reaction. The percentage of lime is then calculated from the number 

W.41 cubic centimeters of the permanganate solution used. The results are 

y accurate. The titration is very conveniently performed in an evaporat- 

ig-disb, the opaque white of wbicb constitutes a good background in deter- 

ining the end-point of the reaction. 
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Magnesia. — The filtrates from the precipitation of the lime as oxalate m&f 
be employed for the determination of magnesium, which is commonly done 
hy precipitating that nietal as ammonium-magnesium phospliate, whidi 
is converted into magnesiimi pyrophosphate (Mg^PjO,) by ignition anil 
weighed as such. The precipitation is effected by the addition of an 
excess of a 10% solution of hydrodisodium phosphate (NajHPOj).' Both 
the eolations should bo cold. After adding the phosphate solution the con- 
tents of the beaker should be stirred with a glass rod, care being taken not 
to touch the sides of the beaker, which would cause crystals of ammonium- 
magnesium phosphate to adhere thereto so firmly that it is difficult to 
remove them. It is advisable to set the beaker in a dish containing cold 
water and stir frequently, since a low temperature and agitation of the solu- 
tion facilitate the precipitation. The solution must then be allowed to 
stand, without warming, for some time (np to 12 hours) to insure complete 
precipitation. When 1 g. of sample has been used for the analysis it can 1« 
assumed that 10 c.c. of the hydrodisodium phosphate solution of tlic 
strength specified above will be sufficient to precipitate all the magnesium if 
the latter be not in excess of 10%. 

The solution from which magnesia is to be precipitated must be free from 
iron and alumina and the metals which are thrown down by sulphureted 
hydrogen, including zinc and manganese. The analytical scheme for sub- 
stances containing those metals will, therefore, necessarily provide for their 
removal, which is of course best done before the precipitation of the lime. 
After the metals of the second group have been thrown down by means of 
sulphureted hydrogen, iron and aluminum are best precipitated as basic 
acetates. Manganese is then removed from the filtrate by oxidation witli 
bromine water, after which the solution is acidified with acetic acid and the 
zinc precipitated with sulphureted hydrogen. - 

The precipitate of ammonium-magnesium phosphate is collected on a 
small filter and washed with dilute ammonia (two or three parts of water to 
one part of ammonia of 0'i>6 sp. gr.) until the washings no longer show a 
precipitate by the addition of a few drops of silver nitrate solution (acidified 
with nitric acid) or only a very slight opalescence is manifested. The pre- 
cipitate is then dried and transferred to a tared platinum crucible; the filter 
paper is burned on the lid of the crucible until white and its ash added to 
the contents of the crucible. The crucible must then be ignited strongly 
until its contents are white or nearly so. If the magnesium pyrophosphate 
is dark colored, moisten with a few drops of nitric acid, dry carefully and 

> One cubic centimeter of Buch a Bolutlon ■ Vide Fccsenlus, Quantitative Cbpmlrtil 

will predpltate 00112 g. of MgO. Magne- Analynls, John Wiley & Ron'a edition of 
■inm pjrophOBpbatP contains alnSfi'T. MtrO, 1883. pp. 517, DID and 75.1. 
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rate again. The weight of the ignited precipitate multiplied by 0-;i6W(6 
ill give the weight of the equivalent in magnesia, from which the per- 
^tage in the ore can be calculated. 
This method, if properly executed, gives very accurate roBults. The pre- 
ipitate must be washed completely, but not ovcrwashed, and the washing- 
vater must always contain the prciicribed quantity of umnionia. Instead 
it igniting and weighing the precipitate of pyrophosphate, it may be dis- 
solved in ehlorhydric acid, and after neutralization with ammonia and tb^- 
subsequent addition of sodium acetate and acetic acid, it may be titrated 
with a standard solution of uranium acetate, using potassium ferrocyanidu 
as indicator, but this method does not appear to offer any advantage. 
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The accurate determination of sulphur, especially when it exists in the 
sample in the form of sulphide, is no easy matter. It is essential in all 
the methods to get the sulphur into solution as stilphate, which in many 
eases it is difficult to do; the effect of interfering impurities has to be 
carefully guarded against; and finally it is doubtful if a thoroughly good 
volumetric method has jet been devised, in the absence of which the slow 
and troublesome details of gravimetric analysis have to he performed. Even 
in the case of the shortest methods of technical analysis, therefore, with their 
inherent inaccuracies, the determination of sulphur is a comparatively slow 
^d tedious process. 

B Gbavimetric Methods. — The gravimetric methods for the estimation of 
Hlphur are baaed upon effecting a solution as sulphate to which barium 
cUoride is added, throwing down barium sulphate which is filtered off and 
\reighed as such. The decomposition of the sulphides is effected by fusion 
with alkaline nitrates or potassium hydrate (Fahiberg-l!es method) ; or by 
> decomposition with acids and oxidizing agents. Among tiie latter methods, 
Becomposition with nitric acid and potassium chlorate is most commonly 
Utaployed; aqua regia is also frequently used, although it is apt to fail to 
effect complete conversion of the sulphur into sulphuric acid; while pyrites 
and blende may be decomposed by digestion at gentle heat with water ainl 
the gradual addition of bromine. If tlie sulphides have been prepared in 
^the wet way, good bromine water is sufficient to oxidize them. 
■ Fusion with Potassium Hydrate.— This method is doubtless the mopt 
rate of the technical methods for the determination of sulphur iu 
!S and fnmace products ; it also requires the most time. In this method, 
r two sticks of potassium hydrate, which must he free from sulphur^ 
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■ tiuwd in a sUver crucible, heated hy a spirit lamp (gas niiiat not be 
need). When the alkali is in quiet fusion, the lamp is removed and the 
sample (1 g.) of ore is introduced and the fusion is then continued five to 
30 minutes, or until decomposition is complete. The fused mass, after cool- 
ing, is digested in a beaker with warm water, which is boiled after the 
crucible has been removed and is tlK'n filtered, the insoluble matter being 
washed thoroughly with boiling water. From 21) to 40 c.c. of bromine 
water arc added to the filtrate, wliicli is then heated to about 90° C. and 
acidilied with chlorhydric acid. The solution must nest be evaporated to 
drj-nesa to render silica inaolublu, which is filtered off after a redigestion 
with dilute chlorhydric acid in the usual manner. The filtrate from the 
silica is then boiled and the sulphur is prt'cipitated bv the addition of a 
hot solution of barium chloride. When the precipitation is effected with 
boiling hot solutions, the barium sulphate comes down very quickly and can 
bo filtered off rapidly and without danger that it will run through the paper. 
After a thorough washing the precipitate is dried and transferred into a 
crucible by gently rolling the paper with the fingers, the paper being then 
burned on the cover of the crucible and its ash added to the remainder of the 
precipitate. After ignition the precipitate is weighed as barium sulphate, 
which should be perfectly white in color. Unless the precaution is taken 
to remove silica as above described the result will be inaccurate, but if that 
precaution be observed this method, which is universal in its application, ij 
entirely satisfactory in all respects save the length of time required. 

Digestion with Nitric Acid. — This method is not so accurate as that in- 
volving the fusion with potassium hydrate, but is much more rapid and is 
consequently used commonly in technical laboratories. As described by 
Furman {op. cit., p. 90) it is performed as follows: 

Digest 1 g. of the sample in a flaslt of 300 c.c. capacity with 3 to 4 g. of 
potassium chlorate (in the case of a heavy sulphide ore more potassium 
chlorate should be used) and 7 c.c. of nitric acid, about 3 c.c. of the 
acid being added at first and the remainder at short intervals, 1 c.c. at a | 
time. MHien all the acid has been added heat to boiling and drive off all 
but 3 c.c. The solution should not show any globules of yellow sulphur, 
which would indicate imperfect oxidation. 

After the fiask has cooled, add about 50 c.c. of water and then an excess of 
saturated solution of sodium carbonate, which will precipitate the lead, 
iron, etc., and decompose the sulphates of lead and calcium which have been 
formed. Boil for 30 minutes to one hour, adding water to keep the hulk of 
the solution about the same. Then pass through a fluted filter into a beaker, 
wash until no traces of sulphuric acid are shown, acidify the filtrate with 
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fclorhydrie acid, boil to expel the carbonic acid and then prcoipitalp with 
■solution of barium chloride, proceeding in the winie manner as described 
I the case of fusion with potassium hydrate. If the ore contains hariutti 
slphate the latter will remain undeconiposed with the precipitate of mixed 
trbonatet!. 

I The presence of nitric add or nitrates is objectionable in a Bohition which 
I snbsequently to be precipitated with barium chloride, as is also an excess 
I chlorhydric acid. Consequently in analyzing blende and pyrites sonn; 
demists digest 0-5 g. of the ore with 10 c.c. of a mistiire of three volnmo^ 
of nitric acid and one volume of chlorhydric. heating gently at intervals; 
then evaporate to driTiess, treat with 5 c.c. of chlorhydric acid and evaporatu 
Take up with 1 c.c. of chlorhydric acid and 100 c.c. of hot water, 
r and wash. Heat the filtrate, make slightly alkaline with ammonia, 
liter off the precipitated ferric hydrate, wash with hot water, evaporate to 
)out 200 c.c. if necessary, make slightly acid with HCl and add the barium 
hloride solution. 
VOLTTMETBic Methods. — For the volumetric estimation of sulphur the 
I latter has to be oxidized and dissolved as a sulphate in the same way as 
for gravimetric analysis. The aim is to substitute a simple titration of the 
solution for the tedious filtration of barium sulphate and ignition of the 
J. precipitate. Numerous processes have been devised, but none has been gen- 
cttUj accepted as satisfactory. This subject was discussed at length by M, 
Jelix Marhoutin in Moniieur Scientifique of September, 1897, to which 
t;teference should be made by those who are particularly interested in it. 
Description will be limited in this treatise to two processes which seem to be 
most particularly adapted to the reiuirements of technical anaUiiifi. 
_ Furman's Process. — H. van F Furman has propote<l a volumetric 
^niethod for the determination of --ulphur which is ba«ed nu Vlexfinder's 
^niethod for the determination of lead bv titration mth a standard solution 
^■of ammonium molybdate.^ In Vk'iandcr'a method the had i- precipitated 
as sulphate, wherefore the percentage of sulphur can be calculated from the 
percentage of lead. The same solution of ammonium lunUbdate may 
be used as is employed for the ettimation of lead, or a special •solution of a 
strength which will enable the percentage of "sulphur to be ruad directly 
from the burette may be prepared In any case the solution will be standard- 
ized against metallic lead or lead sulphate m the same manner as for Alex- 
ander's method. The equivalent in sulphur may be calculated on the basis 
that lead sulphate contains 10-56% R. 
If the aulphur of the sample under analysis has been brought into solution 
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Ijj fusion witli caustic potash and digestion with hot water, hydrogai 
pLToxide is added to tlm filtrate to oxidize the potassium sulphide. The 
solution 18 then heated and acidified with a slight excess of nitric 
aeid. To the hot iiolution add an excess of a solution of lead nitrate and 
filter, retaining as mucli as possible of the lead sulphate in the beaker. Wash 
h.v decantation with cold water until a reaction for lead Is no longer 
ohtained. Then dissolve the lead sulphate in hot ammonium accitate, acidify 
with acetic acid and titrate with the standard ammonium molybdgte 
solution. 

In case the sulphur has been brought into solution by digestion with 
nitric acid and potassium chlorate, acidify the filtrate from the precipitated 
carbonates with a slight excess of nitric acid, boil out the carbonic acid, pre- 
cipitate the sulphuric acid with lead nitrate and proceed as above. 

The sulphur may also be put into solution by fusing 1 g. of the sample 
with 10 g. of mixed sodium carbonate and potassium nitrate. Dissolve &e 
fused mass, when cold, in hot water. Filter, acidify the filtrate with nitiic 
acid, boil to drive out carbonic acid, precipitate the sulphuric acid with 
lead nitrate and proceed as above. 

In all cases the reagents used should be carefully examined for the pres- 
ence of sulphur. 

Andrews' Process. — Max 'Renter considers^ that of all methods proposed 
for the estimation of combined sulphuric acid, Andrews' is the best, and if 
carried out exactly as described its aectiracy leaves nothing to be desired; 
moreover, it is far more rapid than any gravimetric method and only 
standard solution — viz., decinormal sodium thiosulphate — is required, which 
ia an advantage over most of the other volumetric methods. 

The principle of this method is as follows : From a boiling solution of tho 
sample to be ti'stcd in wliich the sulphur has been put in the form of an 
alkali sulphate and should be present to the extent of about 0-07 g. of S0„ 
the sulphur is precipitated by an excess (150 c.c.) of barium chromate di&- 
solved in ehlorhydric acid. The excess of the acid is neutralized by boiling 
with ammonia or with pure powdered chalk (preferably the latter) nntil 
there is a neutral reaction, the precipitate being removed by filtration and 
washed with hot water. After cooling, the filtrate which contains the 
alkaline chromate corresponding to the sulphate in the solution under 
examination is acidulated with 5 c.c. (not more) of strong ehlorhydric acid, 
after which 20 c,e, of a 10% solution of potassium iodide are added and 
the liquid is allowed to remain five minutes in a covered beaker to insure 
.complete reduction of chromic acid, during which time a current of carbonic 

'Chem. Ztg., isns, XXII, 
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i is passed through to avoid atmospheric oxidation of tJie ioJohydric sffld 
t free. Finally it is diluted to 1 or 1-5 liters and titrated quickly with the 
indard thiosulphdte solution, iodine being liberated by the free cbronuo 

pd. The reactions are represented by the following equations; ^^H 

3Na,SO.+BaCrO,— Na,CrO,-l-BaSO.. ^| 

2Na,CrO.+2HCl— 2NaCl+H,0+Na,Cr,0,. ^ 

Na3Cr,0,+14HCl+6KI=2CrC1.4-6KCl+3I,+ 7n„0. 

It results therefore that 2S0:, corresponds to (il; or 1="^ SO3. Th.- 
following solutions are required for the analysis: (1) chlorhydric acid solu- 
tion of 3 to i g. of pure barium eliromate, which is prepared by precipitating 
potassium chromate with barium chloride and dissolving the washed pre- 
cipitate in 30 c.c. of concentrated chlorhydric acid, after which the solution 
is diluted with water up to one liter; change in the degree of concentration 
ought to be avoided; and (3) a decinormal solution of sodium thiosulphate. 
The use of only 5 c,c, of chlorhydric acid before the titration prevents the 
appearance of the blue coloration after the titration is iinished. which 
Kurs if as much as 20 c.c. of acid be used. If all the indicated precautions 
e observed the results arc very close. A dozen analyses can he made easily 
1 an afternoon. Andrews' process was described originallv in tlie Amcrt- 
i Chemical Journal. 1880, II, 567. _ 



Special Analytical Methods. J^^^ 

Detehmination of Zikc in Alloys.— a. C. Langmuir in the Journal 

Lf the American Chemical Society, XXI, ii, February. 1899, described the 

Bbllowing method for the determination of zinc in alloys containing copper, 

, lead, iron and zinc : Dissolve in nitric aeid, evaporate to dryness, and 

iko up the residue with nitric acid if tin be present. Filter and separate 

ipper and lead simultaneously by electrolysis. The solution should con- 

I 5 to 10 c.c. of concentrated nitric acid in 150 to 200 c.c. of water. 

after removing and washing the electrodes carrying copper and lead, the 

[l^lution is evaporated to dryness in a weighed platinum dish and the residue 

ignited and weighed. The residue is then treated with chlorhydric acid, 

and the iron, which is usually small in amount, is precipitated by ammonia. 

The precipitate is filtered off, ignited and weighed, its weight being deducted 

from that of the residue (zinc oxide) weighed in the platinum dish. If 

nickel be present the weight of the combined oxides may be taken and 

the nickel determined subsequently, the weight of the zinc being then found 
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quantity of spelter with water, add a few drops of platinic chloride, 
then suiBcient sulphuric acid to start a moderate rate of solution. 
Bine dissolves, leaving lead in the metallic state. Filter, dissolve the 1) 
in nitric acid on the filter and convert to sulphate, as usual. The soluti 
of zinc may then be at once titrated for iron by permanganate solution, af( 
which cadmium is precipitated by hydrogen sulphide." 

Valuation of Zisc-Ddst. — The commercial value of this material de*! 
pends upon the percentage of metalUc zinc which it contains. Inasmuch as^ 
it invariably contains zinc oside also, the ordinary methods for the estima-; 
tion of zinc arc inapplicable, since they give only the total zinc. There are 
numerous methods deseribcd for the determination of metallic zinc in this 
material, most of which depend upon the measurement of the hydrogen, 
evolved by a treatment of the sample with acid, comparing the quantit; 
with that given off by a corresponding weight of pure zinc. Other methods 
depend upon the measurement of the reducing power of the metallic zinc in 
the dust. One of the best methods for the valuation of zinc dust is con- 
sidered to be that which has been described by Klemp,' 

Klemp's method depends on the power of zinc to reduce potassium iodattf I 
to iodide in an alkaline solution. When the solution is afterward acidified, 
iodine is liberated and is distilled off from the mixture into potassium 
iodide solution, and titrated with sodium thiosulphate. From 0-5 to 1 g. 
of the sample is weighed out into a 800 c.c. stoppered flask. For eveij 
0-1 g. of zinc present, 10 c.c. of a solution containing 370 g. of potassium 
hydroxide, or 300 g. of sodium hydroxide per liter, and 3 c.c. of a solutiffli 
containing 15-85 g. of potassium iodide per 300 e.c. are measured into ■ 
beaker, and then poured into the flask. Some glass beads are added, and 
the flask stoppered and shaken for five minutes in the cold, no advantagd 
being gained by heating it. Its contents are then washed into a 250 or 
500 e.c. fiask, and made up to the mark with water, from which 100 c.a 
are transferred into the retort of a Topf's apparatus, dilute sulphuric acid 
is added, and the apparatus filled with carbon dioxide. A solution of potas- 
sium iodide is placed in the receiver, and the retort heated, at first gently, 
and then more strongly till the contents are perfectly colorless. The 
stream of carbon dioxide is continued throughout the di.stillation. which 
generally occupies about 20 minutes. The solution of iodine in potassium 
iodide is then transferred from the receiver into a fiask. and standard solu- 
tion of sodiiun tliiosulphate is added in slight excess; the excess is titrated 
with weak standard iodine solution, starch being used as an indicator. Aft« 
correcting for the excess, the quantity of zinc is calculated from tba 

>ZtH. r. enalyt. Chemle. XSIX, 253. 
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csantity of thiosulphate used. £adi 0-2 g. of iodine found corresponds to 
^35644 g. of zinc. Iron and k^<i (!«• m*( interfere materially with the 
M^ethod, though results are a little lower in the presence of those metals. 
The results by this method agree well with those obtained by that of 
i^resenius^ but are generally higher than those obtained by Drewson' s and 
3^^er than those obtained by TopFs method <ride Joum. .ioc. Chem. Ind., 
IX^ 968). For a volumetric method, depending on the amount of hydrogen 
"▼olved by the action of an acid on zinc-dust, ride Joum. Soc. Chem. Ind., 
7y 145. 

Another method consists in the treatment of the sample with a definite 
ixtantity of a standard solution of potassium chromate or bichromate, an 
excess of which is employed, and then adding an excess of dilute sulphuric 
LCid. The reaction is expressed as follows: 

3Zn+2CrO,-^6HjSO^=3ZnSO^— Cr.i SO^ ».— 6H/>. 

When the solution of the zinc is complete, the excess of chromate em- 
ployed is determined by titration with a standard solution of ferrous sul- 
"phate. 

The following method is due to A. Fraenkel : About 1 g. of the sample 
is weighed into a dry, well-stoppered flask of 200 c.c. capacity, and treated 
with 100 c.c. of a semi-normal solution of potassium bichromate and 10 c.c. 
of dilute sulphuric acid (1:3). The mixture is shaken for five minutes, then 
10 c.c. more of the acid are added, and the mixture is again .shaken for from 
10 to 15 minutes. The zinc bv this time will have entirelv dissolved. The 
solution is transferred to a half-liter fla?k and diluted to the mark, 50 c.c. 
of it are taken and after the addition of 10 c.c. of potassium iodide solution 
(1 : 10) and 5 c.c. of sulphuric acid is titrated with decinormal sodium 
thiosulphate solution.* 

A simple method described by A. R. Wahl consists in treating 0-5 g. of 
the sample with 25 c.c. of cold water in a 250 c.c. stopp»:-re^l flask, and after 
suspending the dust by a thorough fehakinjr T g. of ferric sulphate are added. 
The following reaction takes place : 

Fej(S0,),-^Zn=ZnS0,-^2FeS0,. 

There is a gentle evolution of heat, and a ft or sliaking tlir* flask about 15 
minutes the zinc will be compV.'tely di--olved. the residue consisting of im- 
purities. Strong sulphuric acid (a>>out 25 c.c.) is then added and the flask 
is filled with water up to 250 c.c. of wliir-h .50 c.c. are t*iken and further 

'Mitt, den k. k- t«»chn. Gewerbe M-jB^ums In Wien. lOOf* X. 161. 
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diluted to 10(t c-c. and tlien titTated with standard potassium permanganate 
whiclj measures the quantity of ferrous salt reduced by the zinc and there- 
fore the percentage of the latter in the sample.' 
Determination of SruHATES and Sulphides. — It is frequently de- 

pirable to detemiino tlie relative proportion of sulphur which exists as sul- 
phide and various sulphates especially in roasted ore. An estimation which 
is sufficiently correct for most technical purposes can he made in a siraplff 
uianner. The neutral sulphate of zinc, iron and most of the other metaU, 
including magnesium, which arc likely to he met with in zinkiferous ores 
are readily soluble in cold water, wherefore they may he removed by a simple 
leaching with water. It is preferable not to boil the solution, since thereby 
basic sulphates are likely to be precipitated. After removal of the 
sulphates, the sulphuric anhydride existing in the form of lead sulphate 
and the basic sulphates can be extracted by boiling with a solut ion of sodium 
acetate; or in case there be no necessity to determine separately the soluble 
Eulphates, the sample may he treated directly with sodium acetate. 

In examining a sample of roasted blende to determine the proportion of 
sulphur existing as sulphide and sulphates, boil 1 g. in a 200 c.c. flask with 
50 c.c. of a 5% solution of sodium acetate; allow to settle and decant the 
solution through a filter; repeat the treatment with sodium acetate and 
then boil twice with distilled water. The sulphur occurring as sulphates 
will then be in the filtrate, while the sulphur as sulphide will be in the resi- 
due reraaming on the filter. The former may he precipitated with barium 
chlo.ride in the usual manner, care being taken to remove interfering impuri- 
ties. The residue on the filter may be washed into a fiask and treated with 
nitric acid and potassium elilorate to effect decomposition of the sulphides 
in the usual manner. 

Steinbeck's method for the determination of hasio sulphates consists of' 
the addition to the residue, remaining after removal of the sulphates soluble 
in water, of three times its weight of sodium bicarbonate and enough water 
to dissolve most of the soda. This is allowed to stand for 24 hours with 
occasional shaking. The solution is then filtered off, acidified with chlor- 
hydric acid, boiled to remove the carbon dioxide and finally precipitated with ( 
barium chloride. Sodium bicarbonate in solution reacts with all the baste ■ 
sulphates and with lead sulphate, while it has no effect upon the sulphldee. | 
Calcium sulphate is decomposed hy it, but barium sulphate is not. i 

Determination of Sdlphurods Acid in Koasting-Fdrnace Gas. — ^In ' 
works where the sulphurous gas from the roasting furnaces is utilized for 
the manufacture of sulphuric acid it is important to control the 

■Joura. Soc. Cbem. Ind.. XYI, 15. 
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jermining the pt^rcentage of sulphurous anhydride by volume in the gng. 
J followiug method ia deaeribed by Sir. F. J. Falding:' The Eaiuple of 
j most conveniently taken through a 1-in. pipe projei'ting into thi- 
I to the Glover tower. The l-in. pipe islioHld be built iuto the 
I of the flue. On the outside it is reduci-d to Vi ^^- ^^^ complete 
langement being shown in the accompanying engraving. The rubber tubr 
uld be of sufficient length to permit considerable freedom of movement. 
Mnneets with a bent "/.u-im glass tube, of which one leg passes through 
t rubber stopper of an 8-oz, bottle of white glass. Another bent glass 
: with equal legs is inserted through the other hole of the stopper 
1 connected by a Vi-'n. tube with a 4-qt. hotlle as shown. The rubber 







Fig. 6. — Apparatus kou thl Diii-iiUMiN-ATJo: 



EODB Acid. 



tabe leading from the 4-qt. bottle terminates with a piece of glass tubing 
drawn down to about '/i, to % in., which must be long enough to reach 
about 2 in. inside of a 850 c.c. graduated jar. 

In order to make the determination a solution of starch and a deci- 
normal solution of iodine are required. These should be prepared as 
directed in Lunge and Hurter's Alkali Maker's Handbook, second edition, p. 
171. The iodine solution will keep well in a dark, cool place. The starch 
solution is more likely to spoil, even when saturated with salt, and should 
be renewed more frequently. 

In operation the large bottle is filled with water, care being taken to make 
'ThP Miniral TncluBtr.r, vri, fl!>s. 
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the stopper perfwtly tight. The siphon is started by a slight auction 
through the nozzle and the pinch-cock is then cSoseil. Tlie 8-oz. bottle 
filled about one-fourth full of clean water, slightly warmed in winter, into 
which about a teaspoonful of starch solution is poured. Then by means of 
a pipette 10 c.c. of iodine solution is added to the contents of the 8-oz. bottle. 
The rubber stopper is then replaced tightly and the pinch-cock between 
the flue and the small bottle is closed. The pinch-cock at the nozzle is then 
opened, allowing the water to waste. When the water ceases to run, proving 
fhe tightness of the stoppers and connections throughout the apparatus, 
the pinch-cock between the flue and the small bottle is opened. Then take the 
small bottle in the left hand, keeping the right hand on the pinch-cock at 
the nozzle, and shake the small bottle, not too violently, holding it to the 
light in such a way that any change in color can be readily noted. When 
a considerable change occurs in the color stop the flow of water with the 
right hand, and close the pinch-cock on the tube between the flue and the 
small bottle. The tube between the flue and the pinch-cock is now filleA 
with the gas to be tested. Eemove the stopper from the small bottle and 
add 10 e.c. of the iodine solution. Replace the cork tightly. Open the pinch- 
eock between the flue and the small bottle. Then with the pinch-cock at 
the nozzle in the right hand carefully waste water until the li<]uid in the 
glass tube, terrainating the tube from the flue, is depressed to the bottom j 
or, in other words, until the tube is filled with the gas to its extreme end. 
Just before the first bubble of gas would escape and pass through the^ 
solution allow the water to commence running into the graduated jar. 
Shake the bottle as before and stop the water running the instant th» 
color is discharged. The number of cubic centimeters of water the jar 
holds at the exact point of the discharge of color from the small bottle rep- 
resents the percentage by volume of SO, in the burner gas. 

Before making further teats the small bottle should be emptied and fresh 
water and starch solution used. Any intelligent workman can be taught to 
make the test, and after a little practice can perform a test in less than 
three minutes. He may either bo provided with a percentage table or 
instructed to keep his gas between 128 and 138 c.c, or as may be required. 
The following table is useful for reference : 
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PROPERTIES OF ZINC AND ITS ALLOYS. 



Zinc is a bluish-white metal of sliining luster, which according to t 
periodic arrangement of the elements by Mendel4ef is classified in group 1 
II. corresponding to the symbol RO, the series in the order of atomic weights 
consisting of beryllium (9-1), magnesium {24-3G), calcium (40), zinc 
(654), strontium (87-68), cadmium (113-3), l)arium(13r43),tTbium (166) 
and mercury (200). Of these elements, magnesium, ziiy; and cadmium havo 
remarkable points of resemblance in their chemical and physical properties, 
while three others, viz., calcium, strontium and barium (alternating with 
magnesium, zinc and cadmium in the periodic arrangement) present an 
equally striking similarity. Beryllium and mercury are both volatile metals. 
Erbium has not yet been isolated in its elemental form, and its position in 
Mendeleef's classification is doubtful. An arrangement of these elements in 
n form which more clearly shows their connection, was given by Profeseor 
T. W. Richards in the Proceedings of tke American Academy of Arts and 
Sciences, March 9. 1898, and the American Chemical Journalj 1898, 
XX, vii, as follows ; «| 

, , ( Ca(40 0) : Sr(S7'88):Ba(137-43): 1 

H(l-0075) \ Be(9-1) } Mg(24-86) \ 

' * ( Zn(e6'4): Cdai2-3): :Hg(300) 

Atomic Weight. — The atomic weight of zinc was formerly supposed to 
be 65 (vide Remsen, Eliot & Storer et al.) and that figure is commonly 
used at present, but later invastigation has shown it to be about 65-4. F. W. 
Clarice adopts 6541 ; T. W. Richards, 65-40 ; and the revising commission of 
the German Chemical Society, 654. Inasmuch as the solutions employed in 
the volumetric estimation of zinc arc commonly standardized against zinc 
oxide, while in gravimetric analysis the metal is weighed as ZnO, it makes 
a sUght difference whether the atomic weight of zinc be assumed as 65 or 
654.' The atomic volume of zinc is 9-1. In its chemical relations it is 

' Fnr eiample : If tbe atomic welghtB o( oilde [9 80-314 ; It the atomic wplghta be 
niygpn and zinc be rei^kon^d 1Q snd 65-4 tk- reckoned 16 and 65, thi percentage li 
epectivelr, the percentage of ilnc In i!nc 80-247. It one gram ot a sample yields 
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liivalent, combining with two atoms of chlorine and one atom of oxygei 

forming chlorides and osides wliich are analogous to those of magnesiui 
and cadmium. 

PhysiC-il 1'koi'ekties.^ — The epecific gravity of cast zinc is 6-861 accord 
ing to Briston, G-0154 according to Karsten, and 7-1-19 according t 
Matthicssen. According to BoUey the specific gravity of the metal whe 
poured at or near its nidting point and cooled slowly, is 7-145, and aceordin, 
to Rauunclsberg, 7*138 ; when poured at red heat and cooled slowly, 7-12 
according to BoUey, and 7-101 according to Rammelsherg; when poured a 
the melting point and cooled quickly, 7-158 (Bolley) and 7-147 (Rammeh 
berg) ; poured at red heat and cooled quickly, 7-109 (BoUey) and 7-OS 
(Rammelslterg). By rolling, the specific gravity of zinc is increased tl 
7-2 or 7-3. 

Melting, Boiling and Ignition Points. — Zinc melts at 410° C. accordinj 
to Wurtz, at 418° according to Daniell, at 415° according to Hoberts-Ansten 
at 419° C. according to Heycock and Neville, and at 433° according t< 
Person. Becquurol gives its boiling point as 891° C; Violle, 939-6'' 
F. Meier and Crafts, 940° C; Eoherts-Ansten, 940° ; Thum, 1,000°; Devilk 
and Troost, 1,040°; Komorek, 1,050°. These differences are due probably 
to inaccuracies in the dctcrnunations, the older observers not having the 
advantages of recent pjTometry. At all events the boiling point of zinc 
lower than the melting point of silver (which is given as 970° C. by Holman, 
Lawrence and Barr, in the Technology Quarterly, 1896, IX, 24 to 39), sinci 
silver does not melt in zinc vapor.' According to Barus* the boiling point 
of zinc is raised 1-5° C. for each centimeter of atmospheric pressure abore 
760 mm. The fluid density of zinc is 6-650 hy Mallet's method, and G-480 
by oncosimeter. The specific gravity of zinc vapor is S-SC (V. Meyer, 



750 mg. of ZnO liy wefght or bj titration. 
tbe percenta^ of zinp [n tbe art according 
to the tarmpr constant Is 60'25S ; ac- 
cording to the latter. 60-185: thla U a dl(- 
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' Since the aborp was written the boiling 
point of zinc bas been determined accurate- 
Ij bf D. Bertbelot (ride Compies Rendus. 
CXXXI, Tl,380ti>3S2.and Joum. Soc. Chem. 
Ind.. Oct. 31. inuu). The molleQ metal 
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tbermo-couple contained Id a 
Rene's lube, aealed al tbe end and 
through tbe cover of tbe crucible. wSfcJi' 
was fitted besides with tubes bj which 
current of nitrogen could be passed tbroogh, 
The temperature was maintained 2° oc 3' 
below the boiling point of tbe metal unlll 
the latter was heated uniformly: it wu 
then raised slowly to the boiling point. U. 
whic!) It remained ateadj- In apite of fnrther 
Increaae in the electric current. Five deter- 
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flgurea of 1.000" f. and upward. 

>Dle Pbysikallsche BehandluDg und 
Measung hoher Tetnperaturen, p, 43. 
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Berichte der deutschen Chemiscken Gesellschaft, 1886, XIX, 329S). One 
liter of zinc vapor weighs 32-7 criths' (Frankland and Japp, Inorganic 
Chemistry, London, 1884, p. 582). Upon cooling below the boiling 
point zinc \'apor condenses to liquid, the more easily the less the vapor is 
mixed with other gas; if the vapor be cooled, however, below the melting 
point of the metal it is condensed directly in the eoUd form as a fine blue 
powder. This property plays an important part in the practical metallurgy 
of zinc. In melting zinc, the increase in volume in the change from the 
cold, solid state to the liquid is 11-10%. Between 0° and 100" C. thf 
BpecLfic heat of zinc is 0-09555 (Regnault); other authorities give it as 
0-0927 from 0° to 100° C. and 0-1015 from lOO" to 300' C. 

Zinc bums in the air at a temperature as low as 500° C. {according 
to Daniell at 505°) with a bright, greenish -white flame and the formation 
of oxide, ZnO, Such fine shavings as are employed for the precipitation of 
gold from cyanide solutions may be ignited with a lucifer match and burn 
almost as freely as straw. Zinc in an extremely finely divided form, such as 
commercial "zinc dust," is subject to such rapiil oxidation that it is liable to 
intaneous combustion and even to axplosion ; it is classed by fire iindcr- 
jters as a dangerous substance. When heated in chlorine, or the vapors of 
mine or iodine, zinc burns brilliantly, with the formation of chloride, 
mide or iodide respectively. 
Crystallization. — Zinc crystallizes in rhombohedral forms of the hexagonal 
Etem and may be obtained in those forms by heating to the melting point, 
t not higher, and pouring upon a non-conducting, cold surface. Dana 
B that it also appears to crystallize in the isometric system, at least in 
riouB alloys. Ordinarily, however, the metal has a coarsely laminar tex- 
re, sometimes granular. The fracture is granular or coarsely crystalline, 
dependent upon the temperature of casting, being coarse when the metal is 
heated nearly to redness before pouring and fino when the temperature of 
^e liquid metal is not much above its melting point. Zinc heated to IfiO" 
K emits when bent a cry like tin, but not so loud, which is supposed to be 

e to the sliding of the crystal faces over one another. 
wDvitilify Mallrability and TTnrdnp^s — At ordinary temperatures zinc is 
Httle especialh i*hen impure " hut between 100° C. and 150° C. it heeoitU'> 
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talllzatlon. "Supposing a maaa of molten 
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on the other hand Is almost bound to be 
1 rittle. because the crystals are oriented In 
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SO malleable and ductile that it may be rolled into slieets and dram is^ 
wire, and after cooling retains those properties, which important discoreq 
was made by Hobson and Sylvester in 1805.' But at 205° C, it becomes ■ 
brittle again that it may be powdered in a mortar. When cast at 
temperature near the melting point it is more malleable thi 
when cast at a higher temperature, and is also lees acted upon by ata 
(Percy). In malleability zinc ranks between lead and iron; in ductility 
between copper and tin.^ In hardness it stands between copper and tin 
of the common metals, but more exactly between silver and platinum, being 
2-5 on Mob's scale," 6 on Turner's scleromcter, and 1,077 on Bottone's scale, 
in which the diamond is 3,010.' It is difficult to file. 

Thermal and Electrical Conductivity.- — The thermal conductivity of zuic 
ia variable (or has not been determined accurately) ranging from 19 
(Wiedemann) to 64-1 (Calvert and Johnson), silver being 100." Its elec- 

. trical conductivity is 16-93 mercury at 0° C. being unity. Rating silver at 
100, the electrical conductivity of zinc is 24-OG according to Becquerell, 
37-39 according to Matthiessen, and 29-90 according to Weiller. The elec- 
trical resistance of a vrire 1 mm. in diameter and 1 m. in length is 0*073+ 
ohm, increasing with temperature. According to Roberts- Austen' the co- 
efficient of Unear expansion of zinc is 0-0000291;, according to Fizeau it is 
0-002905 for 100° from 0° C. upward ; according to Calvert and Johnson it 
0-003193 for liammercd zinc; according to the British Board of Trade units 
it is 0-002532. 

The tensile strength of zinc varies greatly according to the mode of 
preparation, ranging from 3,700 lb. per s^i. in. for cast metal to 17,700 for 
an annealed rod. Roberts-Austen gives its ultimate tensile strength (kin^ 
of metal not stated) as 7,000 to 8,000 lb. per sq. in.^ against 4,600 lb. for 
cast tin and 19,000 for cast copper. According to Wertheim, a permaneit 
elongation of 0-5 mm. per meter, of a bar 1 mm. square, took place 

. tensions of 0-75, 1-00 and 3-20 kg., according as to whether the bar was 
drawn, annealed or cast; he found also that the coefficient of rupture of 
a wire 1 mm. in diameter was 1-5 kg. with cast metal and 12-50 with 
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drawn and annealed. According to EarmaBch the absolute strength of ca^^^H 
zinc is 197-5 kg. per aq. cm., aud of sheet and wire 1,315 to 1,560 P(!^^P| 
tq. cm. Trautwine determined that a prigm of cast zinc, 1 in. square »nd " 
4 in. high was compressed 1/400 of its height by 2,OnO lb., 1/200 by 4,000 
lb., 1/100 by 6,000 lb., 1/38 by 10,000 lb., and 1/15 bj 20,000 lb., wliib- 
imder 40,000 lb. it yielded rapidly and broke into pieces. 

Chemical Peopeeties. — In dry air zinc retains its luster, but in damp 
it becomes covered with a thin, grayish-white coat of a basic carbonate, which 
protects it from further oxidation. This property makes it valuable for 
outdoor uses. Pettenl^ofler found that a sheet of zinc exposed as part of 
fi roof at Munich, Bavaria, for 37 years was oxidized only to a depth of 
0-01 mm. Zinc is electro-positive to all other eoranion metals, except 
magnesium, and precipitates aU the ductile metals from their solutions 
with the exception of magnesium, iron and nickel, but is itself pre- 
cipitated by magnesium. It dissolves readily in nitric acid, but when pure 
is almost unaffected by other acids, dilute or strong. Impure commercial 
zinc, however, is easily soluble in dilute sulphuric acid, and in dilute or 
strong chlorhydric. Similarly pure zinc is unaffected by boiling water, while 
the latter is decomposed by ordinary metal with the evolution of hydrogen, 
zinc hydrate being formed, hut as the metal becomeB coated with an 
envelope of the soluble hydrate action gradually ceases, wherefore even 
impure zinc may be preserved indefinitely in pure water. When the zino 
is in a state of extremely fine division, as in zinc gray (zinc dust), water 
i? decomposed by it CTcn at ordinary temperatures. Sea water attacks zinc 
much more rapidly than pure water. The difference in the behavior of 
pure and impure zinc was first pointed out by A. de la Rive in 1830, and 
has been discussed by many writers, especially Pullinger in the Journal of 
the Chemical Society of London, LVII, 815, and Werren in Berichle drr 
deulschen Chemischen Oesellschaft, XXIV, 1785. According to the latter, 
pure zinc upon being put into acid is immediately enveloped by a coating 
of hydrogen, which protects it ; upon boiling this coating is torn away ami 
the zinc dissolves. The solubility of zinc in sulphuric acid is promoted by the 
addition of chromic acid or hydrogen peroxide. If a piece of platinum be 
brought in contact with the zinc, the latter dissolves quickly. Zinc dis- 
solves readily in cold nitric acid, because the latter oxidizes the hydrogen 
evolved. 

Aqueous solutions of the caustic alkalies dissolve zinc with the evolu- 
tion of hydrogen, but much more slowly than acids do. The action U 
more energetic when the zinc is in contact with iron, forming a gnlvnnii 
couple. Zinc is thus easily dissolved in potash lye when contnimd in ^r 
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iron vessel. The aiuc sbavinga used for the precipitation of gold in the 
cyanide process are dissolved quickly by the caustic alkali present in those 
solutions. In tirn cyanide process, commercial advantage is taken of the 
power oC zinc to displace other metals, in this case gold and silver, from 
their solutions. 

At red heat zinc is attacked by carbonic acid with the formation of carbtm 
monoside and zinc oxide. Sulphur also unites with it at red heat, forming 
zinc sulphide, but the combination is incomplete, even when both the zinc 
and the sulphur are finely divided and intimately mixed, because the 
particles of zinc are protected from further action by the infusible envelope 
of zinc sulphide which is first formed. By rapid heating with sulphide of 
mercury, as well as sulphide of calcium, zinc is completely changed to 
sulphide.' In smelting zinc with oxide of lead the latter is reduced to metal 
and zinc o.xide is formed. In smelting with carbonates of the alkalies zinc 
oxide is also formed, carbonic dioxide being disengaged, but with sulphates 
of the alkalies a mixture of zinc oxide and zinc sulphate is formed, and sul- 
phurous anhydride is set free. 

iMPDBrriEs OccuiutiNQ IN Zinc and Their Effect. — The impurities 
which occur in commercial zinc, often amounting to as much as Z% of the 
latter, are lead, iron, cadmium, copper, carbon, silicon, arsenic, antimony, 
sulphur, tin, silver, thallium, indium and gallium. The most common of 
these are lead, iron and cadmium, while the five elements last mentioned 
are rare. Silver has been detected in zinc from Brixlegg in Tyrol, and tin 
in New Jersey metal.^ Freiberg zinc has contained 0-0393 to 0-0524% 
indium. Thallium is present in many specimens of blende and calamine 
from Theux and Nouvelle Montague, Belgium, and appears in the metal 
distilled from them. It has also been detected in the mother liquors of the 
zinc sulphate works near Goslar in the Lower Harz. 

Lead. — Lead is found in most makes of spelter, being invariably distilled 
to a considerable extent along with the zinc when it occurs in the ore.* An 
excess of lead can be separated, however, since the capacity of zinc for hold- 
ing it is limited, varj-ing with the temperature; it is the greater, the higher 
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lead, while nnder other conditions an ore 
comparatirelr high Id lead ma>- nflord a 
really good grade of apelter. At a certain 
works iQ Europe an ore assaying 14% Tb 
yields a spelter with only 1% Ph, while 
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ore assaying 24% Ph, On the other hand. 
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very much lower In lead, yields a spelter 
holding 2 or 3% Pb, 
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! temperature. According to Boessler and Edelmaim, zine will holii 
■8'% Pb at its melting temperature and 5-6% at 650° C Any excess of 
iad beyond those proportions will sink unalloyed to the Ijottom of tlie 
A moderate tenor in lead makes zinc malleable and ductile, and con- 
iquently is desirable in metal which is to be rolled, but with an increasing 
foportion. it becomes tender. Consequently the percentage of lead in zinc 
tnded for rolling must be limited, else the sheets will tear and crack 
ider the rolls. A tenor of l-5%i Pb will permit the rolling of the zine 
liout cracking the sheets, but will unfit them for some purposes. The 
I and softness of the sheets increase as the percentage of lead 
;. Zinc with 3% Pb may still be rolled, but it is very weak. The 
aice of a considerable quantity of lead unfits zinc for sheet for graphical 
OSes, which requires smooth, glossy surfaces such as are afforded by a 
»d grade of zinc, while metal containing much lead gives a gray, rough 
rface ;' lead is also objectionable in zinc for making the better grades of 
brass, but a moderate percentage does not unfit it for use in making inferior 



Iron. — Iron may be present in zinc to the extent of several per cent, but 

s tenor seldom exceeds 0-2%. X'p to that figure, according to Karsteu, the 

sence of iron does not affect importantly the properties of zinc, but the 

meral tendency of the impurity is to make the metal less fluid, less 

lalleable, less strong, and harder and more brittle.' Spelter may contain 

M-125% Fe and still be a good metal for rolling to sheet, but with more than 

l&at percentage its bad effects become apparent, and between 0-20 and 0-35% 

Bcome very marked and interfere very seriously with the rolling of the 

pietal. Commonly the percentage of iron in commercial zinc is between 

B-Ol and 0-05%, but according to Jensch (in Zts. f. angew. Ckem., 1890, 

. 13) spelter produced from the dust collected from Upper Silesian iron 

lurnaces, containing 17 to 22% Zn and 23 to 25-5% FeO, has a tenor of 

71% Fe. That zinc can hold a still greater percentage of iron is shown by 

III; hard product obtained in the refining of crude zinc, which e 



ordlnarj comioerclal reflolng by 
ravltj BeparaUon at the lead from crude 
molten spelter, the lead content of tbe lat- 
ter Is reduced to about )%. According to 
Spring and RomanolT zinc will bold 2G-5% 
Pb at 800° C, T% at 650". and will still re- 
lain 1-5% at 4111". 

'To ascertain whether zinc la suitable for 
graph teal purposes, Augurer recommends 
brlKbtenlng a stnall spot with a flnelf 
d scraper and examining the fresh eur- 
1 microscope. The zinc appears 
, Btar-ltke scales, while the lead 
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I Wtwwu [Ik' k-ad and zint-. whik- in gulvanlzing iron an alloy of zinc inl 

I 4% Fe soparult^ in the kettles. Herapath found 7% Fe in zinc taken 

f directly from tho condensers of a distilling furnace. 

I Cadmium.— tJ&dnnam eeldoiu occurs in zinc except in insignificant qu&o- 

I titles, which havi- no injurious influence; if the ore contains a-comparstirelj 

[ high percentage of cadmium, the proportion in the spelter will still be low, 

I Kince cadmium is a more volatile metal than zinc and for the more part 

I fails to Ihj condensed. If present in larger quantity than ordinarily tie 

I tendency is to make the spelter more brittle, giving it a fine-grained fracture, 

but it is said that zinc with 15% Cd may still be rolled. If the spelter ie 

to be used for the manufacture of zinc white, the presence of cadmium is 

objectionable, since either cadmium oxide or sulphide may give the product 

11 yellowish tinge. 

Copper and Tin. — Copper makes zinc harder and more brittle, even if 
only 0-5% be present, so that in rolling it cracks at the edge and the sheets 
ciinnot be folded without breaking. Tin also makes it harder and more 
brittle. According to Karstcn, zinc containing 1% Sn is rendered 
brittle, at a temperature at which it would otherwise be pliant, that when 
relied it cracks at the edges of the sheets. Both copper and tin are of rare 
occurrence in spelter. Missouri brands have shown 0-0013 to 0-1123% Cn; 
Lehigh Zinc Co., Penn.. 0-5.10% Cu (an old analysis) ; Eeckehiitte and 
Georgsliiitte. Upper Silesia, 0-0003% Cu; Freiberg, Saxony, 0-07% T 
while tin has altio been noted in New Jersey and Welsh spelter. Zinc 
melted from roofing scrap may contain more tin, due to the solder.* 

Rare Metals. — Of the uncommon metallic impurities the following 
maxima have been noted : Silver, 0-0017% in spelter from Upper Silesia ; 
thallium. 1-40% in a specimen smelted from scrap;' indium, 0-0524% in 
spelter from Freiberg. Saxony; magnesium, 0-46%; aluminum, 0-17%: 
antimony, 0-0249% in zinc from Missouri. Traces of manganese and 
bismuth have been reported. 

Arsmic and Antimony. — Arsenic if present in large quantity makes the 
spelter brittle and difficult to melt. Arsenic combines with zinc in various 
proportions, forming alloys, at moderate temperatures. The presence of as 
niiich as 0'0(in3% has been noted in Missouri zinc. Any arsenic at all unfits 
nine for the development of hydrogen where arseniureted gas would he objec- 
lionaliic. Zinc which is to be used for precipitating gold from cyanide 
jHiluliiiii should he free from arsenic, because of the danger in treating the 
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^precipitate with acid, fatalities having occurred in tlie Unitod States from 
^precniiireted hydrogen developed from impure zinc in that manner. Th« 
^fctfect of antimony on zinc is said to he similar to that of arsenic, but prob- 
ably lias not been much studied. 

H Sulphtw and Carbon. — Sulphur occurs in numerous epeltors up to 
^b0?41^. Its eifect has not been Btudied, but so far as known it docs not 
^Hem to be deleterious.' According to Funk, the sulphur contained in 
^Belter is not pheinically combined, but exists as ZnS carried over from the 
^Karge in distillation.' Funk states also that the carbon, which has been 
Bbund in certain zinc to the amount of 0-1775%, is mechanically carried 
H^Ter, and not ehemieallj combined; and considers the odor of the gases 
^benerated by action of acids on zinc to be due principally to hydrogen 
Knlphide and not to hydrocarbons. Rodwell showed that the black flocks 
■rhich remained after dissolving commercial zinc in acid consisted of carbon. 
Head sulphate and a trace of iron." The influence of carbon on zinc has 
Hiot been studied, but as in the case of sidphur, so far as known it is neither 
Karmf ul nor advantageous. 

f Chlorine to the amount of 0-2 to 0-3% was found by Kunzcl in spelter 
made from the crusts from a Belgian works.' Although thia metal con- 
tained lead and iron only in traces and to the eye was of good quality, 
it could not be rolled. Jensch has also called attention to the presence of 
chlorine in zinc. Silicon has been found in Missouri zinc up to 0'1374%. 

Oxygen occurs frequently in zinc in the form of zinc oxide, which may 
commingle with the metal collected in the condensers or in the subsequent 
handling. Wlien present in considerable quantity it produces a pasty metal 
(burned zinc) which gives castings without sharp edges, brittle, and 
difficult to work with chisel and file. Such burned zinc is apt to be produced 
by any imperfection in the distillation process which causes the zinc vapor 
to be oxidized, such as a deficiency of carbon in the charge and carrying the 
distillation too far, whereby the atmosphere of carbonic monoxide in the 
8 expelled by furnace gases penetrating the walls and the remaining 
inc vapor is oxidized, the oxide going over into the condenser." 
Zinc Allots. — Zinc forms alloys with most of the common metals at tem- 
jeratures sufficiently high to insure fusion. These alloys arc usnaUy white, 
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oryslaUiiic, brittlt; compounds, aud are of little importance with the 
tioD of the copper-zinc series and the newly investigated almninum-ziiii 
series. 

Aluminum and Zinc. — An alloy of zinc and aluminum which 
interesting and valuable properties haa been described by Professor Duraa 
of Cornell University. It consists of two-tliirds aluminum and one-1 
zinc. This alloy is said to be the eqnal of good cast iron in strength 
superior to it in elastic limit. Its color is white. It takes a fine, ei 
finish and does not readily oxidize. It melts at a dull red heat or sli|^ 
'below, probably at about 800° to !)t)0° F,, and is very fluid, running &eei( 
to the extremities of the mold and filling perfectly small or thin parte; ' 
■ that respect it is said to be superior to brass, but it is brittle and heat 
uDsuited to pieces which require the toughness possessed by brass. B| 
ttnaile strength of the alloy was found to be approximately 28,000 lb. ^ 
sq, in., and its specific gravity 3-3.' 

Doctor Joseph W. Richards confirms the general correctness of Profei 
Durand's statements and adds that experience in making the alloy haa 
to considerable improvements in the results obtained.' There is now 
difBcUlty in producing eastings of the alloy showing a tensile strength « 
40,000 lb. This alloy resembles closely in its characteristics a high-carbca 
steel, being extremely rigid, slightly elastic and breaking short with a filW- 
grained fracture. It works well under tools, in turning or boring, not re^ 
<5iiiriiig lubrication. It is the hardest and strongest of the available alloy-s of 
■zinc and aluminum, takes a high polish and retains its color well, but it is 
inot eo resistant to shock as are the other alloys containing less zinc, Dodor 
'Richard* reports the specific grarity of this alloy as 3-8 and states that a 
'eont'raction of 17% takes place during the alloying of its ingredients, whidi 
olspervstion suggests the cause of its great strength. 
I Although there will be numerous uses for the strong, rigid alloy abore 
dfesoribed. Doctor Richards considers that the alloy consisting of three parts 
of aluminum and one part of zinc will be the most valuable of the zino- 
aluminum series. The latter alloy, containing 25% Zn, is softer than the 
other one, which contains 3.?%% Zn. Its elastic limit is about the same, 
with a slight elongation before breaking; its tensile strength is 35,000 lb. 
per sq. in. It is not malleable, hut on the other hand it is not brittle 
inasmuch as it bends slightly before breaking. The latter property is a 
valuable one, since it enables a casting to be straightened to a certain exteot 
by hammering. Remarkably clean and sharp eastings can be made, when 
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^Berience has been attained as to the proper gating of the mold aud tho 
^Hct temperature of casting. In the esse of both of these alloys overheating 
^Hthe crucible must be avoided; also the use of iron stirring implements, 
^Baaee oside and dross do not separate easily out of the metals and may l>c 
^Bred into the mold causing injury to the casting. The specific gravity of 
^K alloy containing S5% Zn is 34. A contraction of 14% takes place 
^^Bing the alloying. 

^Htlie alloy of 75% Al and S5% Zn, when properly made from pure metals, 
^Kqual to the best brass in the lathe, under the drill, and in not clogging the 
^^K It casts soundly, takes a high polish and has as fine a color as the 
^^K aluminum. It is not so hard and short as the alloy containing 
^K^% Zn, nor is it quite so strong, but it has supplanted the latter for 
^Ket purposes because of its better working qualities and greater reliability 
^Kder shock. It is now iised for the manufacture of scale beams, surveying 
^Bd astronomical Instruments, and light machine parts. Its use is increas- 
^H rapidly. 

^H^ow 25% Zn, the strength and hardness of the zinc-aluminum alloys 
^Herease rapidly. The alloy with 15% Zn has ia castings an elastic limit 
^Bl6,000 lb. per sq. in., a tensile strength of 22,330 lb. and an elongation of 
^^K in two inches. It can be rolled and drawn into wire if frequently an- 
^Hsled. All of the alloys of zinc and aluminum with less than 15% Zn can 
^fcforged, rolled or drawn. They gradually become softer and weaker and 
^Bquire lubrication of the tools during working, 

^FThe alloys of zinc and aluminum .which are high in zinc appear to be 
K&Btttnte of specially valuable mechanical properties. Even the alloy con- 
Bggting of 50% Al and 50% Zn, which has a specific gravity of 4, falls under 
^Wt category.' 

^^Untimonif and Zinc. — ^Witt antimony zinc unites readily in all propor- 
^Hns, forming alloys which are brittle and fusible, and exhibit a close- 
grained, dark-gray fracture when much antimony is present. An alloy con- 
sisting of equal parts antimony and zinc is of a bright, sky-blue color, and 
lias the peculiar property of writing upon glass. Even a small proportion 
of antimony renders zinc bluish, and the presence of more than 0-5% may 
lie detected in that manner. Zinc-antimony alloys have found a limited 
application in thermopiles. 

Bismuth and Zinc—Zinc unites with bismuth when both are melted, but 
upon cooling two distinct layers are formed, the upper containing 2-4% Bi 
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and 97-6% Zn, and the lower 85-7 to 91-4% Bi and 14-3 to 8-6% Zn. 
this respect bismuth behaves witli zinc very much as lead does. 

Copper and Zinc. — Zine and copper unite in all proportions, foi 
alloys, which under the name of brass, are of widespread indi 
application. These componnds vary much in their properties according it 
their composition. Those containing upward of 80% Cu are reddish-yellWf' 
to red ; with lees than 48% Cu they are gray to white ; in the intermediate 
stages they are shades of yellow. The hardness of these alloys is usuallf 

greater and the molting point lower than those calculated as the mean 

their constituents. The alloys with more than 63% Cn can only be ndloj 
oold ; those with about 60% Cu can be rolled hot or cold, but are less duct^ 
and tough than the higher grade ; those with about 50% Cu cannot be rolleiJ 
either hot or cold ; with less than 51)% Cu they lose their yellow color sol 
become brittle, while their fusibility increases. The chief application of the 
alloy containing about 60% Cu is for solder for copper and brass. 

Since the ductility of the copper-zine alloys increases with the percentagB 
of copper, the best kinds, such as red brass, gilding metal, and percussion 
cap metal are made to contain 80 to 96% Cu. Dutch metal contains 
85% Cu; Prince's metal, 75% Cu; best English sheet brass, 70 to 72% Cu 
ordinary, G6-G7% Cu; common, 63% Cu, and yellow metal, 60% Cu. The 
last, though somewhat deficient in ductility and toughness, possesses the 
great advantage that it can be rolled either hot or cold. 

Brass is made by melting together copper and zinc in the proper pvo- 
portion. Laurie has shown' that there is only one definite alloy of copper 
and zinc, it corresponding approximately to the formula CuZuj, contsinii^ 
about 33% Cu and 67% Zn, and that all other copper-zinc alloys may be 
considered as solidified solutions of this definite alloy in an excess of one 
of its constituents. The definite alloy itself is hard and brittle, and of 
little or no practical value. 

Gold and Zinc. — With gold, zinc forms a series of alloys which are pale 
yellow when the gold is in excess, and become greenish as the proportion of 
zinc increases. For jewelry part of the copper is often replaced by brass. 
the zinc in the latter giving the gold a more desirable color, but the presence 
of much zinc makes the alloy hard and difficult to work. 

Iron and Zinc. — With iron zinc forms a series of alloys which are gen- 
erally hard, white and brittle. A fine-grained alloy containing aboat 
95% Zn and 5% Fe, which is darker in color than pure zinc, is produced 
in the process of galvanizing. This is known as "hardhead" and "hard 
zinc." Alloys richer in iron are obtained hy lifjunting hard zinc and fi 

' Journal of thp Chpmkal RocMy ol r.onclon, 1,111, 100. and I.V, G', 
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^He friabk' residue; alloys with as much as 3i>% Fe U'ing produced in 
^Blt manntT. They aro also prepared by inunersing clean iron wire or sheet 
^Htinc heated to near its boiling point. These alloys find industrial applica- 
^^Bn in the manufacturi' of "delta metal" and similar compounds, vhich are 
^Haseee with the addition of from 0-25 to 4% Fe. Tlie iron imparts hard- 
^H|^ toughnesB and tenacity, and the alloy can be rolled hot or cold. 
^^^Lead and Zinc. — With lead, zinc behaves in much the same manner a^' 
^^■Qi bism\ith, uniting readily irhen l)oth are molten, hut .separating into 
^Ho layers npon cooling. The upper consists chiefly of zinc with about 
^BS% Pb, and the lower is lead with 1-3% Zn. Ordinary commercial zinc is 
^^B alloy containing about 1% Pb, which enables the zinc to receive a good 
^^nligh, and increaeee its malleability. The presence of that amount of 
^^■td, therefore, is desirable in zinc for rolling into sheets, but an excess of 
^^Bdis undesirable. Lead is also undesirable in zinc which is to he used for 
^^fte manufacture of brass, especially the superior grades. 
^H Mercury and Zinc— With mercury zinc readily unites, forming a series of 
^Hhite brittle amalgams which become pasty when mercury is in excess. Zinc 
^Hmalgams are easily obtained by adding zinc to mercury heated nearly to its 
^Killing point. Zinc plates for galvanic batteries are coated with mercury by 
^Rrst cleaning the surface of the zinc with dilute sulphuric acid and then 
^^hibbing the mercury over the clean surface. An amalgam of zinc and tin 
U used on the rubbers of frictional electric machines.' 

Silver and Zinc. — Zinc unites with silver at high temperatures, forming 
ii serit^ of white alloys. Those with 5, 10 or 20% Zn are ductile and can 
be rolled like silver. They are more fusible than the corresponding copper- 
silver alloys. At low temperatures zinc and silver do not unite readily. 

Tin and Zinc-rrSiith tin, zinc readily unites in all proportions,__the result- 
ing alloys beipjMgg^palljIJjarder than tin but softer than zinc. • Their color 
IK in all oases' ftlii to, and their fracture crystalline, though their appearance 
varies with the mode of preparation. The alloys of tin and zinc are not 
uniform in composition, since the tin tends to separate and collect at the 
bottom on cooling. Tin-zinc alloys are used to a slight extent for castings 
for ornamental purposes. A detailed description of these alloys, based on 
the work of Guettier and Eudberg, is given in Hioms' Mixed Metals, pp. 849 
in 253. 
_ An addition of tin to a mixture of zinc and lead causes those metals to 
Iklloy to an extent to which they will not by themselves. If tin, lead and 
^princ are melted together and loft at rest in a fused condition no separation 
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takes place if the proportion of tin exceeds a certain amount; but if th 
quantity of tin be lesB than that, the mixture separates into two layers, eao! 


Other Binary Alloys. — ^Ziuc alloys with magnesium, nickel, cobalt 
tellurium and sotlium. According to Vautin' the zinc ueed for precipitat 
ing gold from cyanide solutionB may be advantageously alloyed with 1% o 
eodium. 

Complex Alloys. — Besides the binary alloys, zinc enters into the com 
position of a considerable number of alloys containing three or more mettli 
which are more or less useful in the arts. The following are the most 
important of these: 
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PROPERTIES OF ZINC AND ITS ALLOYS. 



Zn. Zinc is also present in some varities of aluminum bronze, 
iganeee bronze and other similar alloys. TIik '"Bidderv ware," manu- 
lured in India, usually contains about 90% Zn with copper, lead and 
in difEerent proportions. 

Sine, copper and nickel form a nickel bronze of great strength, and alloys 
'that nature have been propostd for making hi^-pressure steam fittings. 
hey are little subject to corrosion and in some respects are considered 
eferable to steel eastings. According to Sergius Kern {Chemical News. 
00) the alloy eompoBed of 70% Cu, 12-5% Zn and 17-5% Ni has a 
nsiie strength of 26 tons per sq. in,, and an elongation of 23% in two 
ichcfi, while the alloy with 70% Cu, 10% Zn and 20% Ni has a strength 

tons and elongation of 14 to 17%. 
Wilder's metal coating is an alloy consisting of 84% Zn, 14% Sn. 
1'6% Pb and 0-5% Al, which is intended to take the place of ordinary 
Spelter in galvanizing. The tin reduces the melting point of the alloy 
[■low that of pure spelter. The function of the lead is to give more fluidity 
(d the alloy. The aluminum is claimed to improve the appearance of the 
ating- 

A manganese bronze composed of 53% Cu, 42% Zn, 3-75% Mn and 
i^5fo Al, is said to make a very strong and tough alloy, suitable for pro- 
peller wheels, gears, etc., and for mining screens, being not attacked by acid 
mine waters. 
The property of zinc to form alloys with gold and silver has already 
len referred to. Mention has been made, also, in a previous chapter, of 
its power to rob molten lead of those metals when alloyed therewith, and 
the application of that property in the desilverization of lead bullion. At 
ne time the zinc completes the refining of the lead by alloying with, 
lad thus -removing, the last traces of copper, tellurium and other im- 
purities. 
Zinc can be separated from alloys of which it is a constituent by heating 
a temperature above its boiling point. This process is applied techni- 
illy on a large scale in the refining of desilverized lead. After the 
Id and silver have been removed from the softened lead by the addition 
zinc and skimming off the crusts, the lead remains saturated with zinc, 
: percentage varying according to the temperature but ranging usually 
im 0-6 to 1%. In order to produce commercial lead the product of the 
dlverizing kettles is run into a reverberatory furnace wherein the zinc 
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The chemical combinatioiis of zinc which play an important part in 
urdinary method of recovering the metal are especially the sulphide, 
i^ulphatee (neutral and basic), the oxide, the carljonates and the aili( 
In the methods which liave come into use, however, for the treatment 
zinky mixe<l ores and the numerous processes which have been proposed 
that purpose, many of the other combinations of zinc are produced, and 
view of the great interest in the development of such processes it is usel 
to summarize rather fully the properties of the chemical compound£ 
the metal, especially the more important of tbeni. 

Sulphide. — Zinc sulphide (ZnS) occurs in nature as the mineral hlenJe. 
It may be produced artificially by (1) heating zinc oxide with sulphur; (2) 
heating zinc oxide in a stream of hydrogen sulphide; (3) heating zinc 
shavings with mercury sulphide; (4) heating finely divided zinc with 
alkaline polysulphides ; (5) heating zinc sulphate and coal to white heat; 
method, namely by precipitation, zinc sulphide is a fine, white, amorphous 
sulphide, sodium sulphide or potassium sulphide. Prepared by the kat 
method, namely by precipitation, zinc sulphide is a fine, white amorphoui 
powder, in which form it is useful as a pigment; the reaction finds com-, 
mercial application in the "manufacture of lithophone. Lithophone is L 
double precipitate of zinc suSphide and harium sulphate. The sulphidfS, 
of the alkaline earths, like the sulpliides of the alkalies, throw dowtb 
■zinc sulphide, hut in the case of solutions of zinc sulphate, the sulphates. 
of the earths, which are formed in the reaction, heing themselves insolublCi 
go down together with the zinc. Zinc sulphide occurs in nature as a white 
iiiincral (vide Chapter VIIT) and white may he considered the true color 
of the compound. 

Zinc sulphide is infusible and at moderate temperatures non-volatile, but 
according to Percy it volatilizes at high temperatures. Heated to redness in 
the air it bums with the evolution of sulphurous anhydride and the forma- 
tion of zinc oxide, neutral zinc sulphate (ZnSO,). tetrabasie sulphata 
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(3ZnO,ZiiS04) and perhaps other basic sulphates according to the conditions 
under which the oxidation takes place. If the sulphates be formed they 
may be decomposed with evolution of sulphurous anhydride, sulphuric 
anhydride and oxygen by further raising the temperature, so that zinc 
oxide alone may be formed from the sulphide by prolonged roasting at the 
proper temperature. Zinc sulphide may be also converted into zinc oxide 
by heating in an atmosphere of steam, whereby hydrogen sulphide will be 
given off. Heating in a mixed atmosphere of air and steam, hydrogen sul- 
phide will still be produced, but there appears to be an increased tendency 
to the formation of zinc sulphates. According to SchnabeP the desul* 
phurization of zinc sulphide by means of steam is incomplete and requires 
a raise of temperature to white heat. 

The behavior of zinc sulphide in the blast smelting furnace does not 
concern the ordinary method of zinc smelting at all and is of comparatively 
little importance in the treatment of mixed sulphide ores. In smelting with 
other sulphides, zinc to a certain extent enters the matte, making it more 
infusible and decreasing its specific gravity, which are both undesirable 
effects. Indeed, zinc is in every respect an objectionable element in blast 
furnace smelting; and zinc as sulphide is worse than zinc as oxide. Zinc 
sulphide is sometimes found in slags from the lead blast furnace, in which 
it is probably held mechanically. For further particulars as to this subject 
reference should be made to Professor H. 0. Hofman's excellent treatise 
on the Metallurgy of Lead, and to papers by Doctor M. W. lies in recent 
numbers of the School of Mines Quarterly. 

Percy reported that in heating zinc sulphide with carbon, or in carbon- 

lined crucibles, it was completely volatilized; except if it were ferruginous 

a residue of iron sulphide, free from zinc, remained. It was not stated in 

what form the zinc was volatilized, whether as ZnS or as Zn, and the 

jftenomenon requires further investigation to determine the conditions, 

dlenical and pyrometric, under which it takes place. According to 

Berthier,^ zinc sulphide heated with carbon and lime yields metallic zinc 

and calcium sulphide, but the reaction is incomplete and dependent upon the 

temperature. In heating 6-32 g. of CaCOg with 6-03 g. of ZnS to a high 

temperature more than five-sixths of the zinc was volatilized, and the residue 

weighing 4*6 g. contained only a little ZnS. Percy heated 35 g. of blende 

with 35 g. of lime to white glow in a lime crucible (set inside a graphite 

crucible) and obtained a brown, porous, partially fused mass weighing 27 g., 

which contained some calcium polysulphide. soluble in hot water, while the 

remainder was soluble in HCl, hydrogen sulphide being given off and 

> Handbuch der MetallhUttenkunde. II, 10. * Tr. de Essals, II, 570. 
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fonnation of zinc chloride and leaJ sulphide. On the other haod'il 
sulphide is decomposed by molten zinc chloride.' 

Sulphites, — With sulphurouB acid zinc forms two sulphitee, namely a 
acid and a neutral salt, known refipectively as the bisulphite and the n 
sulphite. There arc also an hyposulphite and a thioaulphite of zinc, whi 
are unstable compounds formed with hyposulphurous acid (HjSO,) i 
thiosulphuric acid (HjSjOj). 

The neutral sidphite of zinc {ZnSOj) is formed by the action of Hj8( 
on zinc or zinc oxide, thus : 

Hi,S0,+Zn^2H+ZnS0„ 
HjSO:,+ZnO— HjO+ZnSOa. 

In the case of the former reaction, the hydrogen which is set fre 
with sulphurous acid, thus ; 

HjS0,+2H=H,S0,+H,0. 

The hyposulphurous acid combines with zinc as lij-posulphite, which is 
altered first to thiosulphite and then to sulphite. 

Zinc oxidt! dissolved in HjSOa furnishes small crystals, but little eoluble 
in water and ineoluhle in alcohol, whieli correspond to the eymbol 
ZnSOj+SHjO, or to SZnSOa+SHjO. This compound is precipitated from 
its aqueous solution by alcohol, but it dissolves readily in an 
HjSOj. Exposed to the air zinc sulphite changes to sulphate. At SOO" C. 
zinc sulphite loses its sulphiirous anhydride, zinc oxide remaining. At a 
higher temperature the desulphurization takes place rapidly and completely ; 
the escape of the gas causes ths precipitate to become very porous and light, 
Bwelling enormously in bulk. 

Zinc sulphite is barely sol'ible in water, hut in the presence of Bill- 
phurouB acid it forma a solubl ! acid salt, which is represented probably by 
the symbol, HjZn9j0u:^ZnS03,HjS0g, which may be considered a solution 
of the monosulphite in an excess of sulphurous acid. Whichever be the 
correct view, sulphurous acid can be driven off by boiling the solution and 
insoluble zinc monosulphite precipitated thereby. Zinc hydroxide is pre- 
cipitated from a solution of zinc sulphite by means of milk of lime, calcium 
bisulphite being formed and going into solution. 

The properties of zinc sulphite are of importance in several processes 
proposed for the treatment of mixed sulphide ores, and for the neutraliza- 
tion of sulphurous fumes. 
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COESnSTUY OF TiJE COMrOUXDS OF ZIXC. ^^M 

ICLFHATES. — Zinc forms numerons siilpliatt*. in gnicrHl Uy tlif aeliou 
nilphuric acid on the metal, its oxide and carbonates, or by roaeting the - 
^de, the natiire of the salt obtained varying with the cooiiitione of Ha 
Soction. 

Elie simple or neutral sulphate of zinc is represcntixl by the symbol 
SO«=ZnO,S03. When obtained by crystallization from a solution it is 
abined with varying proportions of watur according to the temperaturo 
Thieh it ie crystallized. The ordinary zinc sulphate of commerce ia 
ipresented by the symbol ZnS0,+7H,0. 

ZnSO.+TH^O is obtained by crystallization from solutions below 30* C, 
jnning as orthorhonibic prisms, isomorphous with magnesium sulphate, 
id of S-036 sp. gr. Tt is insoluble in absolute alcohol, but is extremely 
inble in water. The atjueous solution lias an acid reaction anil a styptic, 
Btallic taste. According to Poggiale' the solubility of ZnSO, and 
S0„rHjO in 100 parts of water is as follows: 
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Gerlaeh* and SchiEP give the following data as to specific gravity in con- 
fcction with which I have interpolated the columns of percentage of ZnSO. 
md the eorreeponding approximate readings on the Beauni^ and Twaddell 
Bcab: 


''^•^e 


ZnSO. 
Pec cent. 






Sp. gr. 


Degrees Beaumi. 


Tw^dell. 


s-SK- 


(Tnited Stite 


Europe. 


s 

i 

_ Is 


I 

S 
D 




;028a 

■1236 
;1874 

-sese 


i 

3 

1 


;i 
1 


4;0 
le-fi 

Is 


S;8 

11 
11 


•0289 

Mm 

:iif 



^ — 

■ ■iaUL ae Cblmle eC Physique (3J, VIII, 4ST. 
I ' LleblB's Annalen d 



- Cheml*, CX, 72. 




154 



!TIi;S OF ZINX. 



The aqueous solution of zinc sulphate is decomposed by the electr 
current, nietallie zinc being deposited at the cathode while the acid radi 
i& set free at the anode. 

Zinc sulphate crystallized with seven moleculcH of water effloresces o: 
exposure to the atmosphere; it loses six molecules of its water of erj'atalliza 
tion at 100° C, and the remaining molecule at 200°. It is, howevei 
difRcult to dehydrate the salt completely without driving off sulphuri 
anhydride. 

ZnSOj+GTIjO is produced by crystallization at 30° C, form 
clinorhombic crystals. It is also produced by driving off one molecule o 
water from the compound previously described. 

ZnSO.+SHjO is obtained by crystallization between 40° and 50' 
also by heating the septihydrated salt with alcohol of 0-85G sp. gr. 

ZnS0,-i-4:IIjO is produced together with the septihydrated salt when ai 
acid and concentrated solution is made to crystallize at 0°, forming as opaqui 
rhombohedrons, which arc unaltered by exposure to air. 

ZnSOj+aHjO is deposited by the addition of concentrated HjSOj to 
boiling solution of ZnSO, ; it is a crystalline powder. It is also produce 
by boiling the septihydrated salt with absolute alcohol. 

ZhSO^+HjO is produced by heating the septihydrated salt to 100° C 
It is also deposited in crystalline grains from a saturated solution at 100' 
According to Graham this salt does not lose its water until 238° C. 

ZnSO,, the anhydrous salt, is a white, brittle substance of 3-4 sp. gr. 
absorbs moisture from the air, transforming itself into ZnS0,+7H,0, an( 
ID combining with water disengages heat. It is formed by roasting zin« 
sulphide at a low temperatnre. At a higher temperature it is decomposet 
with the formation of a basic sulphate, oxide, sulphuric anhydride, sulphur 
ous anhydride and oxygen. Calcined in a current of hydrogen it leaves 
residue of zinc oxysulphuret. 

The decomposition of ZnSOi by a simple calcination is a tedious operft' 
tion, requiring a high temperature, and it has been proposed to facilitate il 
by calcining with a mixture of carbon, when under certain conditions ol 
temperature the reaction ZnS0,+C=ZnO+S0i+C0 takes place. SucI 
a calcination is of course limited practically below the temperature ai 
which ZnO is reduced by carbon. In fact, this reaction takes place only al 
dull red heat.' If zinc sulphate mixed with carbon be raised quicklv t( 
white heat the sulphate is reduced to sulphide. Zinc sulphate is also de-i 
composed by roasting in a closed vessel with the equivalent quantity of zin<! 

' p. Maliler, Annalca lies Mlnra. 1S85, Vll. CI 
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Iphide, according to the n-nction ZnS+3ZnSO«=4Zii04-4SO,. This 

ion was employed on a large scale in the Paruell proces»- 
The following experiments made by me several years ago are not without 
tterest, although the temperatures wltc not detormined accurately; the 
dcinations were performed in the muffle of an ordinary assay furnace: 

Ten grams of anhydrous zinc sulphate were calcined at orange heat 
estimated to be 900° C.) for one hour. Tlie product contained 2-68%. 9. 
[oasting for another hour at the some temperature eliminated all the sul- 
hur. 

II. Ten grams of ZnSO, were calcined at dull red heat (estimated to be 
00" C.) for two hours. The product contained 14-78% S. 

III. Ten grams of ZnSO^ mixed with one gram of charcoal were roasted 
mtemporaneously in the same muffle and for the same length of time an 
D experiment 11. The product contained 9-58% S. 

IV. Four grama of ZnS and the equivalent of ZnSO, were heated for 
I h. 10 m. in a covered crucible, first at cherry-red, which was raised gradu- 
illy to orange heat. The product contained 0-76% S. 

ZnSO,,ZnO: The bibasic sulphate of zinc is obtained by digesting a 
mlntion of ZnSO, with an equivalent quantity of ZnO or ZnO,H20 (pre- 
pared by precipitation from an equal quantity of ZnSOj solution). The 
olution of this salt, the bibasic sulphate, can not ho crystallized, but can be 
decomposed by prolonged boiling. 

ZnSOjjSZnO : Slow evaporation of a solution of the bibasic sulpliate, as 
Tell as an addition of water to it, produces the tetrabasic sulphate, which 
resents itself as flexible, quadrangular, needle-shape crystals, retaining 10 
Boleculea of water. The tetrabasic sulphate is produced also by the incom- 
plete precipitation of a solution of the neutral sulphate by means of potash 
md dissolving tie precipitate in boiling water. Upon cooling, the tetra- 

isic sulphate is deposited as small, unctuous crystals, retaining SH^O. 
The tetrabasic sulphate is produced, moreover, by the prolonged digestion 
Iff the neutral sulphate with an excess of zinc, or or zinc oxide, which affords 
the salt with lOH^O in opaque laminae or needles. The same salt can be 
rtitained by partially decomposing the neutral sulphate by heat and taking 

1 the residue by boihng water. The tetrabasic sulphate with lOH^O 
icssicates slowly, forming a powder which Is unaltered by the air. It loses 
" 1,0 hetween 100° and 125° 0. and retains 2H,0 (Schindler). but 
iccording to Kiihn the salt dried above 100° contains iH^O and the air 
dried salt, SHjO. According to Biiseber a compound with 7HjO is obtained 
Then 20 parts of borax in aqueous solution is added to a solution containing 

parts of ZnSOj at 50° to 60° C. ; the precipitate is free from boric acid. 
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The tetrabasic sulphatt; of zinc is supposed to be the form of ban 
tiulphate, which is produced chiefly in roaating the neutral sulphate at 
temperature a( whidi the latter deeontpoees. At still higher temperaturi! ||| 
the tetrabasic Bulphate itself is decomposed, forming ZnO, SOajSOj and 

Tetrahasic sulphat*' of zinc is insoluble in cold water and but little solid^ 
1 boiling water. 

ZnSOi.5ZnO+l''H„0: The hydrated hcxabasic sulphate of zinc is 
white pow'k'r, which is formed by the action of water on the sulphate of 
and ammonium {ZoSO^NH^Jj+HjO). It loses its water at 100°, 
regains subsetiuently only about a third of it in the air. 

ZnSO„7ZnO+2HjO : The hydrated octobasic sulphate of zinc is preci] 
tated by the addition of a large quantity of water to the bibasic salt. 
forms a volumiiious precipitate, which after drying is very light. It' 
insoluble in water. Digested with a solution of the neutral sulphate it' 
forms tetrabasic sulphate. The octobasic sulphate with gHjO is also obtained 
by boiling a solution of neutral sulphate supersaturated with ammonia. 

ZnSOj.HjSOi+SHjO : A'ou Kobell reported' the existence of an aeiii 
iulphatu of zinc, obtaineil accidentally, as limpid, clinorhombic prisms, 
soluble in boiling water, but only slightly in cold water. 

Oxides. — Zinc is commonly considered as forming only one oside, namelj 
ZnO.but recently Eobert C. Scbuepphaua (in conjunction with E. Liingwlh) 
lias pointed out the possibility of the existence of a lower, or at all events 
another, oxide. The known existence of a suboxide of cadmium, Cd,0, 
points by analogy to the possibility of the existence of a similar suboxide ot 
zinc. The possibility that there is a dioxide, ZnOj, lias also been pointed out. 

Zinc oxide (ZnO) exists in nature as the mineral zinkite, or red zinc ore, 
which is found in considerable quantity in New Jersey, but is not elsewhere 
abundant. It may be prepared artificially (1) by oxidizing metallic zinc; 

(2) by roasting zinc sulphide, zinc sulphite and the various sulphates; and 

(3) by heating the carbonates, nitrates, hydrates and various other aalte. In 
the previous chapter the conditions under which metallic zinc is oxidized 
by the atmosphere were described. The oxidation of the metal ie also 
effected by heating with various salts which can supply oxygen, such as 
potassium chlorate and nitrate and arsenic acid. 

Zinc oxide is normally a white powder of 5-5 to 5-7 sp. gr., which upon 
heating acquires a canary yellow color and upon cooling again regains its 
former appearance. It imdergoee no chemical change in this procedure' and 
is regarded as a permanent compound, for which reason and the ease of 
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; it pure it is commonly used as the standard for the Bolul 
bloyed in determining zinc in analytical chemistry. 

its pyroiuetallurgical behavior zinc OKide is infusible and is com- 

alj regarded as non-volatile, but that idea is incorrect. Zinc oxide in 
hainly non-volatile at moderate temperatures and to only a slight extent 
■those which are attained in the roasting furnace (where the maximum 
^bout 1000° C.) but according to experiments of Btahlschmidt' it is not- 
"f volatile at the melting point of silver (9110° C, Holman), about 15% 

e at the melting point o£ copper (1054° C, Roberts-Austen) and rapidly ■ 

vliite heat. Roasted blende is not volatile at the melting point of silver, 

I; is considerably volatile at that of copper. 

PZinc oxide is reduced at high temperatures by various substances, among 

a carbon and carbon moniiiide and upon tliat reaction is l)ased the most 

hportant process in the practical metallurgy of zinc. The reduction of 

c oiide by carbon and cat bon monoxide is espreas by the formulae : ^^| 

(1) ZnO-|-C=Zn+CO and (2)'ZnO-|-C0=Zn-|-CO, ^| 

I The precise nature of the reaction which actually taltes place in the 
eduction and distillation on a large scale, whether it be according to equa- 
tion No. 1 or equation No. 2, or both, is unknown. Wliatcver it be, it is 
1 necessary in practice to have a large excess of carbon in the retort. 
HiBt excess of carbon among other purposes serves to reduce to monoxide 
Buch carbon dioxide as may he formed, which otherwise might act oxidiz- 
pgly on the zinc (the reduction of carbonic dioxide by zinc taking place at 
d heat), while any zinc oxide which may perchance have been formed is 
educed again by carbon or carbon monoxide, either or both. The net result, 
rregpective of what actually occurs, is zinc vapor and carbon monoxide, 
|*hich alone, or practically alone, issue from the retort, when there is an 
[BcesB of carbon present. Sebnabel remarks' that in the case of a mixture of 
Mrbon monoxide and dioxide the amount of zinc oxidized by the latter is 
mdent upon its proportion in the mixture and the temperature. 
The reduction of zinc oxide by carbon or carbon monoxide begins accord- 
Ibg to recent experiments by Robert C. Scbucpphaus and E. Lungwitz^ at 
9lO° C, a statement which is confirmed by Hempel* who says that reduc- 
Btion he^ns under the boding point of zinc (920°). It is completed at about 
11.300° C, a temperature which is commonly attained in practical diatilla- 
Tho comparatively low temperature at which the reduction begins, 

> JuuTQ. Sod. Chem. Ind.. Nov, 30, 1899, p. SB7, 
[I, 7. 'Berg-u, HUltBnin.Ztg.. IBflS. Nob 
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hypochlorite being first formed nnil the zinc going finally into solutiM- 
according to the equation : 

2ZnO + 4Cl=ZnCl,+ZnCI A 

According to E. A. Aahcroft' zinc oxidf is converted directly to chloride- 
by chlorine gas at a high temperature (upward of COO" C.) according to the' 
reaction : 

ZnO+2Cl^ZnCl,+0 ( 

Hydroxide, — The hydroxide, or hydrate of zine (Zn0,H20^:Zn[0H]i}, 

is produced as a white amorphous substance by precipitation from solutions 
flf zinc salts by caustic soda or caustic potash, avoiding an excess of alkali, 
since the precipitate is thereby redissolved, hut Lf once dried it becomes 
less soluble in alkali. It is also precipitated by the hydrates of lime and. 
magnesia. Zinc oxide does not unite directly with water. Hydrate of zino 
is also produced by the galvanic action between zinc and iron, brass, or lead 
in an ammoniaeal solution of zinc oxide. Zinc hydrate is easily decomposed 
by heat into the anhydrous oxide and water. It is soluble in acids and solu- 
tions of ammoniiim salts and the other substances which are solvents for 
zinc oxide. 

Caebonates. — Zinc forms with carbonic acid a long series of carbonates 
and hydrocarbonatea, certain of which exist in nature as the minerals smith- 
sonite and hydrozinkitc. In general they are prepared artificially by addi- 
tion of sodium or potassium carbonate to a neutral solution of a salt of 
zinc, usually the sulphate. Because of the weak basic character of zine as 
an element the basic carbonates are the more easily formed. The neutral 
carbonate of zine cannot be' obtained by precipitation with NajCOj or K,CO, 
under ordinary circumstances; when either of those salts is added to a 
neutral solution of a salt of zinc there is a disengagement of carbonic acid 
and the precipitate formed is a basic hydrocarbonate. This hydrocarbonate 
is soluble in an aqueous solution of carbonic acid ; upon exposure to the air 
a granular powder deposits from the solution, which has been taken for 
neutral carbonate of zinc by some chemists, but by others has been held to be 
a basic carbonate. According to Thorpe* neutral zinc carbonate, ZnCOa, can 
be produced artificially by adding acid carbonate of sodium to a. solution 
of zinc sulphate, while Roscoe and Schorlemmer state that it is produced 
by precipitation from ZuSO^ with an excess of hydrogen potassium car- 
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(KHCOa), the neutral earbouate of sodium (N'a,CO,) throwing 
tia?ic carl>oDatt' of zinc, which is the more basic the higher the tem- 
tnre of precipitation and the more dilute the solution. 
Qc carbonate, ZnCOj, is produced when the solution of a zioc salt is 
ipitated l>y an alkaline carbonate under pressure. As obtained by heat- 
a solution of ZnCl^ to 150-100° C. and precipitating with calcium 
[mate or sodium bicarbonate it la a white niierocrystalline powder. The 
ral hydrated carbonate (8ZnC0j,H,0) is un amorphous powder 
ined by digesting a basic carbonate of zinc with aramoniura bicarbonale. 
anhydrous carbonate of zinc is soluble in carlmnic acid water. A 
tion of COj at five atmospheres, taking up 1/189 its own weight of 
!0,. On exposure to the air the solution becomes turbid, and on boiling 
■ecipitate of zinc hydroearbonato comes down. 

he basic carbonates and basic hydrocarbonates of zinc are the more 
lortant compounds of zinc and carbonic acid. They are formed in the 
mer previously described. Their precise composition depends upon 
conditions under which they are precipitated. All of these com- 
uds lose their water and their carbonic acid at 300° C There is a long 
of them and the following is probably only partially complete ; 
8ZnC0_..Zn(0H)ji This is the precipitate formed hy adding an exeeea 
^kaline bicarbonate to a solution of ZnSO^ CRoac, Poggend. Ann. LXXV, 
';Ann. de CMmie ei de Physique (3) XLII, 106). 
inCO„Zn(OH)j+2H20: This is a thin, white powder obtained by pre- 
itating cold a solution of ZnSO, with sodium sesquicarbonate, washing 
li water and drying in the air ( Boussingault, .4nn. de Ckimie et de 
faique (3) XXIX, 384). When the precipitation takes place from hot 
itions, the precipitate holds only one molecule of HjO (Schindler). 
ZnC0j.3Zn(0H)j: Produced by the precipitation cold of a zinc solu- 
t by means of a neutral alkaline carbonate. A certain quantity of zinc 
jonate remains dissolved by the carbonic acid set free in the solution, but 
Fought down hy boiling. The precipitate generaUy entrains some alkali. 
8 boiling solution of ZnSO, be poured into a boiling solution of an 
Bline carbonate the precipitate comes down as a light powder resembling 
gnesia; if the boiling be continued for some time, the precipitate is made 
e from alkali and the precipitation is complete. If the precipitation is 
icted by ammonium carlionate the precipitate is crystalline. This hydro- 
bonate is soluble in S.OOO to 3,000 parts of cold water, separating out 
boiling, and also in solutions of ammonium salts, from which it 
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4ligetigagei> ammonia l»v boiling, Aeconling to Bcnalorff it is this bj 
carbonate which foniis the coating on sheet zinc exposed to air undrr a 
of wator. Wlien dried at 100" C, this compound [2ZnCO;,3Zn(01 
iHwmes 4ZnCO„7Zn(OH),+H,0. 

;!ZnCO,.5Zn{OH),+H.O: According to Lefort (Journ. Pkarm.. 
XI, 329) the precipitates product-*! by alkaline carbonates from zinc ! 
tions, hot or cold, have this composition. Sohindler considers that 
precipitate described above as 2ZnCO„3Zn(OH); is more accnd 
represented by the formula 3ZnCO„5Zn(OH),+Hja 

ZnCO„5Zn(0H);+H,0: This is the natural car bona ti^i.c, the I 
<ral zinconise or hydrozinkite. Jjcfort attributeB the same eompositiW 
privipitates brought down cold by alkaline bicarbonatce ; while H. I 
ascribed it to that obtained from neutral carbonates and very dili^ j 
solutions, hot or cold. 

ZnCOj,3ZnO+2HjO: This is the precipitate produced by sodium 
bonate and the tetrabasic sulphate of zinc. 

ZnCOj,7ZnO+2HjO: Obtained from sodium carbonate and the octot 
sulphate of zinc. 

Chromate. — Zinc chromatc, ZnCrO,. is made by precipitation of a « 
tion of zinc sulphate with neutral potassium chromatc. If the Eoluti< 
alkaline, zinc hydroxide is precipitated also; hence the method needs n 
care. Potassium bichromate cannot be used Iwcause of the ready salul 
of zinc chromatc in free acid. Zinc cliromate can be prepared, howeve 
boiling zinc oxide with potassium bichromate. Zinc chromate is used 
pigment, having a light lemon color, which is permanent. It is not afE« 
by sulphur, and can be mixed with other pigments. It is very solnb 
mineral acids, and is decomposed by caustic alkalies. 

Silicates. — Zinc combines with silica in various proportiona. 
formula, ZnjSiO,(^9ZnO,SiOi), represents the singulo-silicate, in i 
form it occurs in nature as the minerals willemite and hemimorphite. 
other silicates of zinc correspond to the usual formula? — i.e.. ZnO,SiO,: 
bisilicate, etc. These silicates are prepared artificially by heating 
oxide with silica at high temperature. 

All of the zinc silicates are difficultly fusible, the more so the higher ' 
tenor in silica. According to Percy the bisilicate is infusible at the 
intense white beat, while the singulo- and lower silicates melt at 
temperature, forming more or less translucent slags of white-yellow 
green-yellow color. The natural silicate smelts at the same tempcratu 
an opaque, stony slag of grayish-green color. 

The properties of zinc silicate are of importance in the prai 
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lurgy of zinc inasmuch as wiUemite and hemimorphitf are common 
while lo68t« may occur through the formution of slag in tlie retorts 
hich zino enters as silicate. The amount of zinc absorlwd by such elaga 
irdy of much const-quenee, however, and the trouble from slags in zinc 
Iting is experienced chiefly from the other elements which enter into 
t composition. Zinc silicate is reduced by carbon, 
J.DM1SATE. — The aluminate of zinc (AljO.i.ZoO^AljOjZn) occurs in 
are ag the mineral gahnite. It may be produced artificially, as colorless, 
ihedrat crystals, which are liarder than quartz, by fusing a mixture of 
i oxide, alumina, and boric acid. Its specific gravity is -l-aS. By heating 
intimate mixture of ZnO and AI2O3, in the proportion of 1: G, Percy 
EUQcd a sintered, gray, stony mass, which scratched flint glass. The 
aninate of zinc is frequently formed in the walls of the retorts, which are 
'teby colored a deep blue. 

Terhate, — Ferrate of zinc ( ZnFe^Oj^^ZnOjFejO, ) occurs as black and 
miant octahedral microscopic crystals in an analogous manner to the 
nminate. Also if zinc oxide and ferric oxide be heated to redness, and the 
odnct he treated with iusufBcient chlorbydric acid to dissolve all the iron, 
idue is obtained which contaias zinc ferrate. This compound is one 
it should receive more study. There is reason to believe that it is formed 
ing the roasting of ferruginous blendes, and if that he so it is probably a 
itter of considerable consequence in connection with hydrometallurgical 
Dcesses for the extraction of zinc. 

Zinc ferrate is slightly magnetic and has a specific gravity of 5-132. 
iparently it is reduced by carbon. The mineral franklinite is a complex 
mgano-ferrate of zinc, ii'on and manganese. 

CHLOniDES. — Hnc chloride (ZnCi^), also known as zinc butter (French, 

de zinc), is a compound of zinc which is used eitensively in the arts 

. is the soluble form into which the zinc in ores is put for extraction by 

.ain electroh-tic and other processes. It is a wiiite, deliquescent, wax-like 

bstance of sp. gr. 2-75. It is a powerful caustic, being distinguished by 

property of burning deeply and not merely superScially like many others. 

concentrated solution of zinc chloride converts starch, cellulose, and a 

many other organic substances into soluble compounds; hence the im- 

bility of filtering a strong solution of zinc chloride through paper. 

chloride is formed when zinc oxide is heated to redness in chlorine 

;, whereby the chlorine combines with the zinc and oxygen is liberated. 

chloride is also prothiced by the combustion of zinc in chlorine, wherein 

metal burns brilliantly; by the action of chlorine on moist zinc at 

linary temperatures; by the distillation of two parts of mercuric chloride 
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uii ':air par: of me : hj thtr distiiktioii of m mixture of anhydrous snl] 

.f ii3i: imi «4jii.im or calcium chloride; or from one part zinc oxide asc 

p^r^ i^nsL'jxLjjrL chloride; or bv eraponting the solution of zinc oxil 

■iili-.rij'ir.f! acid and $nbliming the hydrous chloride (ZnCls^HjO) th( 

.cca.nKii : or br the addition of zinc to the fused chloride of an dectn 

i:.Tr =:»^tal. Solium chloride added to a solution of zinc sulphate; 

iizc !h:orl*ie and sodium sulphate, which may be separated by refrigen 

Zinc chloride melts at about 262** C. to a brownish liquid, which IxM 

T .>>'-TlC>' C. and volatilizes without decomposition at red heat 

hJzh temperature it is decomposed by aluminum with the formation ol 

an«i aluminum chloride. It is soluble in absolute alcohol and ether a 

Terj soluble in water. The aqueous solution is decomposed by the di 

current with the liberation of zinc at the cathode and chlorine at the a 

Molten zinc chloride is also decomposed electrolytically with the 

results. Numerous processes for the extraction of zinc from ores hav( 

based on these properties, although only one or two of them has com 

practical use. 

Zinc chloride has a remarkably affinity for water, so much so tha 
used in the laboratory as an absorbent for water in the same mam 
sulphuric acid is. It is, indeed, diflBcult to obtain the chloride free 
water. When produced by crystallization from a concentrated solutio 
obtained as ZnClj+HjO. If on the other hand the solution be evap 
there is always some decomposition into basij chlorides and hydroxic 
following reactions taking place :^ 

ZnCl2+H20=ZnO,HCl+HCl 
ZnO,HCl+H20=ZnO,H20+HCl. 

It is extremely difficult to dehydrate zinc chloride, without drivi 
chlorhydric acid and forming basic chloride. In boiling down a zinc 
ide solution and fusing the salt in the ordinary manner from 3 to \ 
the zinc is oxidized and the equivalent of chlorhydric acid :> driv^ 
while 3 to 5% of water always remains with the fused chloricr €T€n a 
temperature; evaporation under a vacuum, however, is said ic ^emc 
the water besides preventing the formation of basic chloride,* 

Basic chlorides, or ox}'chlorides, of zinc are also formed ^j cisfi-rOTfn 
oxide or metallic zinc in a concentrated solution of zinc chV.r cr: zdo 
in diluting an aqueous solution of zinc chloride to a cvn^-lr .::-t- zl 
a partial decomposition and formation of oxychlonc. TT-^ rr.r v. 

1 Re».«, l»o««lc cbc-i"^- p. «^ ' -^-^ 



^P CilKMISTRT OF THE I'OMrai'N'D^ OF ZIN'C. I^^^f 

mp precipitated from a chloride Golution by means of milk of lime or m^^H 
^ugneEia, some oxychloride goes down with it. In the chloridizing roii^^H 
Pof zinc ore with salt for the formation of zinc chloride, a certain prfl^^ 
ortion of oxychloride, which is non-volatile at the sublimation temperature 
E the simple chloride, is formed. These osychlorides are, however, volatile 
I a very high temperature, say IfSOO" C, and posaibly are to some extern 
composed into zinc oxide and chlorine. Three oxychlorides of zinc have 
. (II definitely described: 

( 1 ) ZnCla,3ZnO : dried at 38° C. it retains four molecules of water, two 
f which it loses at 100° C. It is soluble in acids and alkalies, but only 
lightly in water. 

(2) ZiiCl„()ZnO: this is formed by the action of water on the am- 
"oiacal chlorides, ZnCL,2NH3 and ZnClj,4NH,; it is precipitated also by 

■ I'ling ammonia to a Kolution of zinc chloride in such a manner as to 
iissolve a part of the precipitate. At ordinary temperatures it holds 10H,O, 
ind at 83° C, GHjO; on calcination it loses water and some zinc chloride, 
ind becomes a more basic oxychloride. It is insoluble in water. 

(3) ZnCli,9ZnO: this is an insoluble white powder which remains when 
the residue from the evaporation of a solution of zinc chloride to sirup con- 
sistency is taken up with water; it is also produced by the addition of enough 
(Kitash to a solution of zinc chloride to give an alkaline reaction; in the 
first case it holds back 3HjO, and in the second 14HjO. 

The action of ammonium chloride upon molten zinc, which is taken 
iUtage of in the process of galvanizing is represented by the equation 



Zn+2SH.Cl=ZnCla+2NHj+2H 
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"he zinc cliloride formed dissolves oxide from the surface of the metal 
ing zinc oxychloride. 

Zinc chloride cannot be melted safely in clay or earthenware pots, which 
being porous to the chloride are subject to disintegration when heated. 
When free from lead and other chlorides and also from water, however, zinc 
chloride can be safely fused in iron pots and handled with iron fools; which 
it doe« not attack. 

There are several ammoniacal chlorides of zinc. On adding ammonia to » 
concentrated, warm solution of zinc chloride until the precipitate formed is 
redissolved, there are separated, in cooling, crystals of the composition 
ZnCl„4NH3,Hi,0. Other eompoimds of this class are designated ZnCla, 
2NH, and ZnCL,5SHj,R,0. 
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Zinc chloride readily forms double chlorides analogous to those formed bj 
magnesium chloride. The following comhinations hare been identified; 

1. ZnOl„4\H.Cl 5, ZnCl„2KCl 

2. ZnCl„3\H.Cl 6. ZnClj,2NaCl+3H,0 

3. ZnCl„2XH.CH-H=0 7. ZnCl„MgCl,+CHjO 

4. ZnCi„XH.Cl+2H,0 8. ZnCl„BaCU+4H,0 

The substance. ZnCU,2NHjOt+Hj,0. is formed hy mixing a solution rtP 
ziac in ehlorhydric acid with a solution of ammonium chloride. It is mS 
in soldering, serving to clean the surface of the metal by the action of Hm 
zinc chloride on the oxides. ^ 

According to Eremers' the specific gravity of solutions of simple isM 
chloride (ZnCI,) varies as follows: | 
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Brosiide. — Zinc bromide (ZnEr^) is produced by the combustion of rin 
in bromine vapor, and by the solution of zinc oxide in brorahydric acid. Ol 
evaporating this solution a crystalline, deliquescent mixture of hydrou 
bromide of zinc and zinc oxide is obtained from which by heating strong 
zinc bromide may be sublimed. It is soluble in ether and alcohol and vei 
eoluble in water. Pure zinc bromide has a specific gravity of 3-G43 at 10° ft 
It melts at 394° C. and boilp between 650" and 700°. 

Ammoniaeal zinc bromide (ZnBr,.2XH,) erj'stallizes out of a solution o( 

water and by heat. 

Iodides. — Zinc iodide (Znl,) is produced by fusing zinc and iodine « 
by action of iodohydric acid on zinc or zinc oxide. It is very soluble ii 
water and on calcination is decomposed into iodine and zinc oxide. Zioi 
iodide has a specific gravity of 4-696. It melts at 446" C. and boils d 
(124"' C. 

The ammoniaeal iodides, double iodides and oxyiodides of zinc arf 
analogous to the bromine and chlorine compounds. The following have been 
identified. 

' Poireendorir t Annalen dfr Pliyslk und Chemle CV.IW. 
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ZnlySNHj, formed by actiou of aninioaia gas on the anhydro 
b; decomposed by water. 
Znlj.iNH,; decomposed by water. 
ZiiI„2NH.I. 

SZnIuBalj. 

.coRitffis. — Zinc fluoride (ZnFla) is produced by precipitation witltl 
eium fluoride from eolutious of zinc salt;-; and by digestion of ziooa 
! with tiuorhjdric acid. It is only slightly soluble in water, morel 
,e in dilute acids, especially in fluorhydric, and very soluble in | 
mia. Its specific gravity is 4-84 at 15° C. There is a double fluoridftl 
e and potassium, ZnFlj,2KFI. 

Heat of Formation of Variodb Compounds op Zinc. . . 



heat of formation of various compounds of zinc, according to Thom- 
thermochemieal investigations' are given in the subjoined tables. All 
periments were made at about 18° C. The unit of heat 
red to in these tables ia the quantity required to raise the temperature 
gram of water 1° C. \Vhcn it is said tliat the heat of formation of 
wmpound is a certain number of units it is meant that such a quantity 
it is developed in the production of a quantity of the substance equal 
molecular weight in grams ; e.g., the heat of formation of ZnO from 
id being 85,4:30 units and the molecular weight of ZnO being 
^16:=81-4, there are developed 85,430 gram calories in the production 
A g. of zinc oxide. 

Zn+O=Zii0 85.430 Cal. 

Zn+0+H~0=ZnO,H.0 82,8fl0 " 

an+2Br=ZnBr3 ". 76.030 ■■ 



le solution of the zinc salts in water is attended by development of heat I 



;r evolves 15.630 Cat. 

absorbs 4,240 '' 

evolves 18.500 " 
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n»e heat of tormaiioa in aqneoos eolations is given in the foUoiriii 
tsble: 

Zn+2Cl=ZnCI, .112,8*0 Cal- 

ZD+2H01=ZnCl,+2H 84.300 " 

Zii+0+8O,=Zn9O, - _.._._ 106,080 " 

ZnO+60,=ZnSO, 20.660 " 

ZiiO,H,0+80,=ZnSO,+H,0 23,410 *• 

ZoO.H,0+2HC1=ZdC1,+H,0 18.880 •' 

ZnO^,0=2C,H,0,=2n(0,H,0,),+aa,0 18,090 - 

Zn+3tf+BO,=ZiiSO. 187,470 " 

Zo+2Br=ZnBr, 9a9eO " 

Zn+2I=ZiiI, 60.640 " 

The heat of formation and the heat of decompogition of any substance u 
the same ; i.e., in order to effect the decomposition the same quantity of hi 
must be supplied as was evolved in its formation. Thus the heat of f 
tion of zinc chloride being 97,210 calories, its decomposition requires 97,8] 
caloriee. 




inc ores are widely distributed throughout the world, workable depoBits 
nrring in nearly every country of Europe and the North of Africa, 
i in various parts of the United States, wliile there are others in Aus- 
lis, Canada and Mexico, and less well explored regions, which art not 
: available to a very large extent on account of their inaccessibility. The 
ineipal ores of zinc are the sulphide, the carbonates, the silicates, the 
npound of zinc and manganese oxides (franklinite) and the simple oxide 
Idte), which rank in importance in the order mentioned. Tho car- 
Biates and silicates are commonly referred to by the general term "eala- 
ine." which was formerly the only class of zinc ore used for the production 
t spelter, but the exhaustion of the easily worked surfacG deposits brought 
le aadecomposed sulphide ore into the market, and during the last twenty 
ws its importance has been steadily increasing. At the present time, 
ever, a large part of the zinc produced in Europe is still derived from 
ilaraine, but in the United States blende is, and has l)een for many 
ears, by far the more important of the two ores. The name 
calamine" is used here, as uniformlv throughout this treatise to indicate 
:e class of zinc ores comprising both the carbonates and both the silicates, 
I which sense it is commonly employed in metallurgy, although this does 
t correspond with the mineralogical nomenclature generally accepted in 
e United States. A different custom prevails, however, in England, and 
ring to the consequent uncertainty that must necessarily attend the use of 
e word to designate a single mineral species it seems best to discard it i 
r that purpose. This was discussed by me in a paper read before the, 

1 Institute of Mining Engineers in March, 1895, as follows: 
"The hydrous carbonate is known mineralogical I y as hydrozinkitc. zinc- 
ise, or zinc-bloom ; the anhydrous silicate is recognized as willeraite. 
ith respect to the anhydrous carbonate and the hydrous silicate there is a 
ofusion of name which is of old stauding. Attempts to clear it away 
e long ago made by the mineraloc-jf^ts with the result that there is now 
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a moru or less national uniformity of nomenclature; but there i^ still 
international disagroi-ment, eometimee very perplexing and always Lead! 
to iDexactniss in lOipression. 

"The name calamine, tofrcther with Gahnei of the Germans, is commoi 
supposed to be derived from Ka6/*eta, which was used by the Greeks to det 
nate the peculiar kind of ore employed with copper in their brass-maldi 
and also the accretiong wliicli formed in the brass- founder's furnaces, Ag 
cola, however, says that it is from calanms, a reed, in allusion to the appe 
auce of the material, cadmia fornacum, which collected on the fumi 
walls. But whatever the derivation of the word, it was used until withia 
100 years to include all the oxidized ores and compounds of zinc, boti) 
natural and artificial. Indeed, the diiferenee between the carbonates anj 
the silicates docs not seem to have been suspected before 1730, when Baf 
mann published an account of certain experiments upon them ; and it WW 
not until 1803 that their true composition was made known by Smittiso^ 
and all doubts as to their being distinct mineral species were cleared away. i 

"The naming of tliese minerals is described by Dana in his System of i 
Mineralogy (1892), pp. 548-549. In 1807. Brongniart called the silicite 
calamine, leaving for the other mineral its chemical name, zinc caiionaif, 
by which it continued to be known until, in 1832, Beudant called it smiWi- 
sonite. In 1852, Brooke and Miller, with no good reason, reversed these 
names, and thus led to the confusion wliich still exists. On account of thii 
confusion, Kenngott, in 1853, introduced for the silicate the name Hemi- 
morphite, which has not been generally accepted. 

"At the present time American usage follows Dana, calling the anhydrous 
carbonate smithsonite and the hydrous silicate calamine. English mineral- 
ogists, on the contrary, generally employ calamine to designate the aidiy- 
drous carbonate, referring to the hydrous silicate as electric calamine. The 
application of the name smithsonite to the hydrous silicate by Brooke *nd 
Miller had a certain following in their time, but no longer obtains. On 
the Continent of Europe, however, the equivalent names, calamine and 
Galmei, are used in common pariance, especially in the zinc industry, ta 
include the four mineral varieties, carbonates and silicates, hydrous and 
anhydrous. In Germany. man> mineralogists use the nomenclaturo adopted 
by Dana, but most writers on technical subjects employ Galmei as a claw 
name only, designating the silicates as Kieselgalmei, and the anhydrous 
carbonate as edler Galmei Smithsonite or Zinkspatk (zincspar). French 
writers avoid confusion by usmg the chemical terms zinc carbonate and ri«r 
aihcaie, although in France, as in Germany, calamine (Galmei) is employed 
by mineralogists as a purely scientific name for a distinct speeieB — thfl 
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silicate. The general meaning that the word caUminc has on th« 
it is undoubtedly a survival of the custom of the tiuif when no 
irence in the oxidized ores of zinc waa recognized, together with the fact 
tt metallurgieallj thej belong to the earae class." 

the following Bummary of the properties and mineralogical character- 
eft of the various ores of zinc Dana's Syntem of Minrralogy, sixth edition, 
been drawn apon freely. 
Blende. — Zinc sulphide, ZnS (also known as sphalerite, and by miners as 
ck jack, German blende, French zinc sulfur^). This mineral when pure 
itains Zn 67-15% and S .32'8o%, hut it is usually contaminated with 
0, manganese or cadmium, and rarely by mercury, lead and tin ; tracta 
indium, gallium and thallium are found in blendes from certain localities, 
aide is often argentiferous; less often auriferous. \\'hen quite pure, 
Dde is white or nearly colorless, but commonly it appears yellow, brown, 
and also red and green, owing to impurities. Its streak is usually 
I, but may be light yellow and white. Pure blende is transparent to 
alacent, but the ordinary varieties are opaque. It crystallizes in 
ihedral forms of the isometric system, but the crystals arc frequently 
ily complex and distorted. Good crystals of blende are rather rare, how- 
■, and it is found commonly in crypto-cryatalline to amorphous fomis, 
latter sometimes as a powder. It also occurs in foliated and fibrous 
BE. Its fracture is conchoidal ; hardness, 3-5 to 4 ; specific gravity, 3-9 
4-1 ; luster, resinous to adamantine- It is rather brittle, but not so much 
as galena. 

Blende is easily identified with the aid of the blow-pipe. In the open 
Je it gives off sulphurous fumes. In the reducing fiame on charcoal it 
res a coating of zinc oxide, which is yellow while hot and white after 
iling; if, however, the mineral contains cadmium a reddish brown coating 
cadmium oxide will be formed first. Moistened with cobalt nitrate solu- 
n the zinc coating gives a green color when heated in the oxidizing iiauie. 
ated with soda on charcoal in the reducing flame (after a preliminary 
ifiting) a strong green, zinc flame is emitted. Blende is difficultly fusible. 
diBEolres in chlorhydrie aeid with evolution of hydrogen sulphide. The 
neral with which it is most likely to be confused is galena, which certain 
tiie lustrous black crj'ptocrystalline varieties resemble strongly. The 
UBcteristic brown streak of blende and the black streak of galena, how- 
form an easy and infalliiile means o£ distinction. 
Several varieties of blonde are distinguisiicd according to the presence of 
icr aulphidea, isomorphous with the zinc sulphide. 
(a) Ordinary, containing little or no iron, Its color is usually white to i 




)t-llowieli liroHO, lint is sometiinee black. The red, or rtKldish 
parent crvatallized kinds are sometinieB called ruby blende or n 
Know wliite blende of prj'stalline form has been found at Nordmark, 
and at Franklin Furnace, X. J. A soft, white, amorphous deposit, 
a potvdcry inaBS at least 4 ft. thick and 30 ft. in length was once fi 
(iaiena, Kan.' Ordinary blende is most commonly of a brownish color 
resinous appearance, whence it is frequently referred to by the miners 
ri'sin-juek. The Joplin blende is chiefly of this variety. 

(b) Marmtilite, ferriferous blende, containing 10% or more of iron,' 
existing as iiionosulphidc. The proportion of FeS to ZnS ranges as hij^ 
as 1 -.2. Ferriferous blende is always dark brown to black in color. Iti 
luster is sometimes dull; sometimes very bright, almost metallic. A lai^ 
part of the blende which occurs in connection with galena and pyrite in the 
Rocky Mountains is of this variety. The percentage of iron in its com- 
position is very variable, as to which the intensity of the black coloration ia 
not a reliable guide, a very small proportion of iron sometinkes producing 
a deep black color. Ferriferous blende differs from the ordinary variety in 
being magnetic, though only feebly so; its magnetic susceptibility incressa 
with the percentage of iron in its composition. 

(c) Prz3>ramite, cadmiferous blende containing up to 5% Cd present i» 
sulphide. Cadmiferous blende is usually reddish in color. Although cad- 
miferous blende with as much as 5% Cd has bpcn described, such occurrence 
is rare, the cadmium tenor of commercial blende being very much lower. 
Edmund Jenseh. who made an extremely elaborate investigation of thi« 
subject, reported that of the ore which came under his notice the kind 
richest in cadmium was a lot of 308 tons of black blende shipped from Abo, 
Finland, in 1890, which contained 046% Cd and 34-43% Zn.= Assuming 
that tho cadmium was held entirely by the blende, the tenor of the latter 
would have been somewhat under 1% Cd. 

(d) Wurlzite. a ferriferous blende corresponding to the formnli, 
OZnS-j-FeS, which has been found at Oruro, Bolivia, and at Przibram, 
Bohemia. It occurs as hexagonal crystals of 3-9 to t-l sp. gr, and 3-5 to 4 
on the scale of hardness. Its color is brownish black and streak lig^t 
brown, Tliis variety is also sometimes cadmiferouc. 

The metallic mineral most commonly associated with blende is galena. 
The deposition of both these minerals seems to be favored by limestone, 
in connection with which rock the most important deposits are found. 
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^B, V^OLTZiTE.' — This is an oxysulphide of zinc, corresponding to the synilwl, 
^K^^ZnS] which has been found in the form of incruBtationa at Pontgi- 
^^Hmaoce, and Joachim sthal, Austria. It is a yellow mineral of 3-7 
^^^^Eoid 4-5 on the scale of hardness. 

H^Kabite. — Zinc sulphate, ZuSO^-f 'i'HjO, containing zinc oxide 28-3%, 
^Btphnric anhydride 27-9%, and water -IS-S^, results from the decompo- 
Ktioii of blende, but owing to its easy soluhility in water is rather raru in 
fccnrrence. It is a brittle mineral, of hardness 2 to 2-5, sp. g. 1-9 to 2-1, 
Btreous luster, white, reddish, yellowish and bluish in color, transparent to 
^knslucent, with an astringent, metallic and nauseous taste. In the closed 
Ube it yields water and on charcoal gives the reactions for zinc, besidea 
^pming a eulphide which when moistened tarnishes silver. 
W Ferrogoslarile, in which part of the zinc sulphate is replaced by ferroua 
Blphate, occurs in some of the mines of MiEsouri and Kansas, where it 
KmiB mammillary or staiactitic incrustations of a light yellow to browa 
mor. It is also common in the drainage of the mines of that region. 
W Smithsonite. — Zinc carbonate ZnCO, (also known as zinc Fpar, and by 
pinere as dry hone, German Galmei, Edler Gabuei, Kohlengalmei or Zink- 
neth, French zinc carbonate). This mineral when pure contains carbonic 
moxide 35-2%, and zinc oxide 64-8% (Zn. 52%). ITowever, it is usually 
kntaminated by iron, manganese or cadmium carbonates. Pure smithson- 
Be ia a brittle mineral of hardness 5, sp. gr, 4-3 to 4-45, uneven to imper- 
Bectly conchoidal fracture, vitreous luster, inclining to pearly, white streak, 
Kid color white, often grayish, greenish, brownish white and sometimes 
feeen, blue and brown. It is subtransparent to translucent. It crystallizes 
■Ccording to the rhomhohedral system, but rarely occurs well crystallized, 
TCng found rather in granular and earthy forms. 

I Bereral varieties of smithsonite are distinguished according to the prca- 
Wfute of foreign elements, catalogued as follows : 

I (a) Ordivary, classified as (I) crystallized, (2) botryoidal and stalac- 
lUic, closely resembling similar forms of hemimorphite or zinc silicate, (3.) 
nannlar to compact masses, and (4) earthy, impure, occurring in nodular 
■Uid cavernous masses, varying from grayish white to dark gray, brown 
Brownish ri^d and brownish black in color, and often with drusy surfaces in 
bie cavities; the last variety is the "dry-bone" of American miners, which 
lerm also includes some hemimorphite. 

k (b) Monkeimite or zinc-iron spar, ferriferous smithsonite, which often 
feontaius over 20% of iron carbonate. ^^ 

L (c) Maganiferoua smithsonite. containing 5% or more of MnCO,. ^^S 

r^ I Thf( ipe'lini <° sdniitcil In the Century TiicllnnBry instead of Ibe cliler .'onn TDtlilDe ' ^^| 
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(d) Cadmiferovs smitksonile, containing up to 5% of cadinii 
bonate. In Arkansas and Missfinri sjiiitiiaonite is found of bright 
yellow color, clue to greenockite, or cadmium sulphide; thie ia known 
as "turkey fat ore." At Wiesloch, in Baden, a yellow variety containing' 
much as 3% Cd used to be found. 

These varieties are not often well defined, usually merging into oi 
another by indefinite gradations. Thus there are many smithsonites wh}( 
are both ferriferous and cadmiferoas. The Silcsian zinc carbonate ore 3 
notably of this mixed type. As in the case of blende, the percentage of 
(1 which is found in commercial emithsonite is very much less I 
would lie inferred from the statements of the mineralogists. In an im 
galion of 10 years Jensch failed to find more than 0-3% Cd in any 
ire, while the average of all his analyses was only about 0-1%. 

Before the blowpipe smithsonite is infusible, but when moistened with 
cobalt nitrate solution and heated in the oxidizing flame on charcoal it giv( 
the characteristic reactions for zinc. In the closed tube it loses its carboriB 
anhydride. It is soluble in chlorhydric acid with effervescence, which real 
tion easily distinguishes it from all other zinc ores except hydrozinkite. tb 
latter, however, gives off water in the closed tube, which smithsonite do« 
not do. 

Fr.4,nklinite. — A manganoferrato of iron, manganese and zinc [(Fe,Zn, 
Mn)0, {re,Mn)jOB]. This mineral, which is found in large quantities at 
Stirling Hill and Franklin Furnace, N. J., and is of rare occurrence else- 
where, contains 21% 2n when it corresponds to the formula here ^ven; 
its composition is rather irregular, however, the relative quantities of the 
different metals varying rather widely, while conforming to the general 
formula of the spinel group. It is a brittle mineral of concboidal to 
fracture, hardness 5-5 to C-5 and sp. gr. 5-07 to 5-32. It is opaque, wifli 
metallic luster, sometimes dull, and iron-black color. It is slightly mag- 
netic, which property enables its separation from the willemite and zinldte,. 
with which it occurs, by the powerful effect of the Wetherill mi 
machines. 

It is easily identified by its reactions before the blowpipe. In the oxidiz- 
ing flame with borax it gives a reddish amethystine bead, due to manganeee, 
and in the reducing flame this becomes bottle green, due to iron. Fused 
with soda it gives a bluish green raanganate,.and when heated on charcoal a 
faint coating of zinc oxide, which is more marked when a mixture with ■ 
borax and soda is used. Franklinite is soluble in chlorhydric acid. It is 
infusible before the blowpipe. Franklinite crystallizes in the isometric sys- 



ffecting the octahedral habit, but it usoall; occurs maBBivc, graniili 
h or fine to coiiipaet, 

—Zinc oxide, ZnO (known aleo as red zinc ore, Gennaa Roth- 
, French zinc oxyde). Zinkite when pure contains 80-25% Zn and 

O, Jlanganese oxide is sometimes present. This mineral is of 
Kurrenee except at Stirling Hill and Franklin Furnace, N. J., where 
ind in considerable ijuantity in connection with willemite and frank- 
It ia a brittle mineral, with sub-conehoidai fracture, hardness 4 to 
Bid sp. gr. 5-43 to 5-7. It is Iraneluceut to Bub-transluct'nt, has a sub- 
mantine luster, and gives an orange yellow streak. Its color is deep red, 
also orange yellow, the former being the commoner. In cr)-stalliiation it 
affects a hemimorphic form of the hexagonal system, but natural crystal* 
Bre rare and it usually occurs foliated, massive, or granular. 

Before the blowpipe it is infusible. Heated in the closed tube it blackens, 
Irat on cooling resumes the original color. On charcoal it responds to the 
characteristic teats for zinc. It is soluble in chlorhydric, nitric and sulphuric 
adds. With fluxes, on the platinum wire, it frequently gives a reaction for 
znangancse, because of contaminating traces of that element. 

Hydrozinkite. — Zinc hvdrocarbouate, SZnOjCOa+SHjO (also known as 
zincouisc and zinc bloom ; German, Zinkbliithe) . Hydrozinkite wiicn pure 
contains 11'1% water, 13-G% carbonic dioxide and 75-3% zinc oxide 
(57-1% Zn). It is an earthy, chalk-like mineral, which usually occura 
massive, but sometimes as incrustations, which may be reniform, pisolitic, or 
stalactitic. Its hardness is 8 to 2-5, sp. gr. 3-58 to 3-8. Its luster is dull, 
streak white and shining, and color pure white, or grayish or yellowish 
white. With the blowpipe hydrozinkite gives the same reactions as smith- 
sonite, with the addition that in the closed tube it yields water, by which it 
ie distinguished. 

Hydrozinkite is of rather rare occurrence as an ore, except in the prov- 
inres of Santander and Guipuzcoa in Spain, where it is found in large quan- 
titicB. It occurs less extensively at Bleiborg and Haihel in Carinthia. In 
Ihe United States it has been found at Fried ens vi lie, Penn., and in the 
Joplin district of Missouri, but the occarrences are only of mineral op: ical 
interest. There are several varieties of hydrozinkite, which are classified 
minora logically as follows : 

(a) Ordinary, as described above. 

(b) Auricalcitp. or "green calamine." corresponding to the symbol 
SZnCOsiSZnH^Oj, in which a part of the zinc is replaced by copper. 

Buratite, which contains Imth copper nnd calcium. 

•TlilB apelHnR ts artopiril In Iho r™tl"-.p nicMonary. 
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WiLLBUiTE. — Zinc silicate, SZnOiSiO^ (known al^o as troostite). fl 
mite is a brittle mineral with conchoidai to unevon fracture, hardnofl 
and 6p. gr, 3-8'J to i-lS. It is transparent to opaque, haa a rathern 
vitreo-resiuous luster and white or greenish yellow color when purest ; oUu 
wise apple gT(«n, flesh red, grayish white or yellowish brown, the green ool 
being most characteristic. When impure it is often dark brown. Ita atrt 
is white and reddish. The crj-stala of flesh red or gray color, opag 
found in New Jersey often pass under the name of troostite. Wilitaq 
crystallizes according to the rhombohedral system, oecurring nsuallji 
hexagonal prisms. It also occurs massive and in disseminated grains. 

Before the blowpipe willemite fuses with difficulty to a white enam 
Heated on charcoal it gives the characteristic reactions for zinc which i 
more pronounced when the mineral is mixed with soda. It is decompoB 
by chlorhydric acid with separation of gelatinous silica. The New Jen 
variety phosphoresces with a green light after being struck with a hamn 
in the dark, 

Willemite is found at the VTeille Montagne in Moresnet, but the oi 
deposits of industrial importance are at Stirling Hill and Franklin Fumaoi 
N. J., where the mineral ocxjurs intimately mixed with franklinite and 
zinkite. 

Hemimorpuite.' — Zinc hydrosilicate, 2ZnO,SiOj+HjO (also known as 
electric calamine and calamine; German Galmci, Kieselgalmei or Kiesel' 
zinkerz; French, zinc silicate). Hcmimorphite contains water 1-5%, 
25%, and zinc oxide 67-5% (53-7% Zn). It is a brittle mineral of uneven 
to subconchoidal fracture, hardness 4-5 to 5, sp. gr. 3-4 to 3-5. It is trans- 
parent to translucent, has a vitreous luster, and is usually white in color, 
sometimes mth a delicate bluish or greenish shade; also yellowish to brown. 
It crystallizes in the orthorhombic system, affecting hemimorphie forms, 
whence its mineralogical name. It also occurs massive and granular and 
in stalaetitic, mammillary, botryoidal and fibrous forms. 

Before the blowpipe hcmimorphite is almost infusible. In the closed 
it decrepitates, whitens, and gives off water. On charcoal it gives the char- 
acteristic zinc reactions. It gelatinizes with acid, even when previously 
ignited, and is soluble in a strong solution of caustic potash. 

Clays carrying varying amounts of zinc silicate are common in Miseonri 
and Kansas and Virginia, where they are known as "joint clays" and "tal- 1 

> TbiB DBme has been adoiitEd bere, eon- calamine Is neeeBsnrll; used In Ita mettl- 

trary 1o tbe approved mineralogical oomeD lurgltal Beose. It Is abaolutely eBaentlal W 

clature ot the United States, bemuse Id ■ have a distinct deslgaatlon tor the hTdrou 

treBtise of this cbaracter, wherein the term Blllcale of zinc as a mlLeral. 
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low clays/' The latter are very fine grained and plastic and on drjring shrink 
and crumble into small fragments. Their tenor in zinc oxide varies chiefly 
between 30 and 40%. 

''' 2SiNC. — Native zinc is said to have been found in large hexagonal crystals 
jhf ihe rhombohedral system^ exhibiting a perf ect^ basal cleavage^ in a geode 
In basalt, coated with smithsonite, erythine and aragonite, near Melbourne, 
ilnstralia; also in the gold sands of the Mittamitta Siver. It is described as 
taring a metallic luster^ streak and color bluish white, hardness 2, and 
ip. gr. 7. There is some doubt as to the authenticity of these reported 
oocarrences of native zinc. 



OCCrKRENCE OF ZISC ORE IN NORTH AMERICA. I 



DepoeiU of zinc ore are widely distributed in North America, bat 
of them afford mineral of tmdeeirable character and many others are 
from transport at ion facilities, on which accounts the workable deposits. 
existing conditions are comparatively few in number. The most im] 
of them are situated in the Joplin district of Missouri and Kaneas, 
ing the southwestern comer of the former State and the southeastern 
of the latter, at Stirling Hill and Franklin Furnace, N. J., in the 
of ShuJlsburg, Wis., and the vicinity of Pulaski, Va. Other deposits 
hi^ye Ijeen exploited in the past and may be reopened, or are being woi 
a small scale are situated at Friedensville, Penn. ; in Wj-the County, 
Mossy Creek, Straight Creek and Lead Mine Bend, Tenn., and in Ai 
In Kentucky there are deposits, which are thought to have some pi 
near Marion, in Crittenden Coimty, a short distance south of the' 
River, in the western part of the State; production therefrom was 
in 1901. 

Huge deposits of mixed ores, containing blende, pyrite and galena 
Colorado, especially at Leadville and Kokomo, and numerous attem] 
been made to smelt, or treat otherwise, the blende separated thereJ 
mechanical (gravity or magnetic) dressing; lately a product sufficiently 
has been made to find a market with the smelters of Europe and 
while a better grade of ore has been produced to a small amount at Creedc, 
Colo, Deposits of zinc ore existing at Hanover, N. M., have also been 
worked intermittently. 

The Joplin district is by far the most important source of zine ore in 
North America, and it, together with the New Jersey mines, overshadows 
nil the others. Unfortxmately, there are no statistics of the production of 
Siimi ore in the XTnited States, other than those presented in Chapter TV. 

The {ftHilogicfll occurrence and the date of earliest exploitation (in a seri- 
SH* wav) i>( the principal zinc ore deposits of the United States are sum- 
^AHkH iu the following statement in tabular form 
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UKSAS. — Zinc oie has been diecovered at numerous points in Uus 
[ but few of the deposits have yet been exploited and those only in a 
[ory manner, owing to lack o£ transportation facilities heretofore. The 
Hi which have attracted most attention are situated in Mariou, Carroll, 
e. Sharp and Lawrence Counties in the northern part of the State. 

are described as irregularly distributed in crevices and along joint 
B in magnesiau limestone, the crevices frequently enlarging into pockets 
?emou3 spaces filled with ore, clay and other gangiie. At some points 
m has impregnated certain strata and thus occurs at a definite horizon. 
Sush Creek district in Marion County is of the latter character. The 
ipal developments in Arkansas have been made in that district, the ore 
^ been shipped in flatboats down the Wliite River to Batcsville, a dis- 
iof about lOO miles, and thence by the Iron Mountain Railway to St. 
t Emelters, The production up to the present time has been intermit- 
(nd small, probably not to exceed 1,000 tons in any single year, but in 
renewed attention was given to the district because of the certainty 

being speedily opened by several lines of railway which were already 
ing into it. Some of these lines have now been completed. 
E zinc region of Northern Arkansas lies, generally speaking, to the 

of the Boston Mountains and west of the St. I-ouis, Iron Mountain & 
prn Eailway, but the prospecting for and the develop ment of the ore 
its has not yet gone far enough to outline more than vaguely the areas 
rhich workable deposits exist or should be looked for. The 

deyelopment of the region is due in part to its topography, it beit 
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and 1-1 to 2-1% Fe, which haa been shipped to smelters in KansaB. T 
Creedu blende generally carries 2 or 3 oz. Ag per ton and sometimaa 
auriferous. Blende concentrates have als-o been produced at Montezua 
Summit County, and at Hico. The Rico Mining and Milling Co. nw 
shipments to Belgium in 1901 of zinc concentrates obtained by the magad 
separation of ore from the Atlantic Cable mine at Rico. The crude (I 
which is both gold and silver bearing, is said to assay about 25% Zn. 13 
magnetic separating mill, which has a capacity of GO tons of crude ore| 
day, makes a zinc concentrate assaying from 55 to G0% Zn and less Ua 
4% Fe; and a lead concentrate assaying upward of 60% Pb and less thi 
3% Zn.' 

Important deposits of mixed sulphides, somewhat similar to those 
Leadville, exist at Kokomo, Summit County, where there is a bedded ve 
10 to 12 ft. thick, of great extent. In this there are shoots of high gradi 
silver-lead ore, but the great mass of the ore is ver^' low in lead, or destitid* 
of it, being essentially a mixture of blende and pyrite. Its composition is 
approximately 20% Zn and 38% Fe. It contains 4 or 5 oz. Ag and 0-3 to 
0-4 oz. Au. 

Ken TCCKT.— Zinc ore occurs in Kentucky near Marion in Crittenden 
County, where it is found in connection with the deposits of fluorspar aad 
galena which have been worked to some extent. The Columbia mine is 
said to disclose a fissure vein along the line of a fault of which the dis- 
placement haa been approximately 500 ft. One of the walls is limestone; 
the other a sandstone or quartzite. The vein varies in width from 18 in- 
to 6 ft. In some places the ore spreads out laterally as "flats" or bedi. 
The ore consists of galena and blende, with a gangue of fluorite, some cal- 
cite, a little clay, and small quantities of bar}'tes and quartz. In most part* 
of the vein only the ore and fluorite are met with. The galena occurs la 
bunches and crystals scattered through the fluorspar and constitutes about 
20% of the entire vein material. The percentage of blende appears to be 
rather less than the percentage of galena so far as the vein has been opened. 
The mine is .situated about four miles from Marion. Its development has 
not been extensive, the exploitation having been done in a desultory man- 
ner, and chiefly for galena and fluorspar rather than for zinc. The OH 
Jim mine, adjoining the Columbia, produced a considerable quantity of 
calamine from surface vrorkings in lEIOl. 

The Tabb mine, south of Marion, is said to show a wide vein, standing 
vertically and of great longitudinal extent, of which one wall is limcstona 
and the other a sandMonc or quartzite of uudeti 
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leral is a resinous blende, luw in iron, which is very fineU' dissomin&tcd in 
^ngue of fluorspar. The ore is ^id to assay 26 to 35% Zn. Owing 
the finely disseminated occum-ncu of thf mirifral and the diilicully i 
larating it from the fluorspar (sp. gr. 3-1 to 3-2), which the owners e 
e property have not yet heen able t" nccomitlish, no mining has yet b 
>ne, except a small amount of development work.' 
MissoL'Bi AND Kaksas. — Zinc ore ia found in several parts of Missouri,! 
at the only important mines are those of the Joplin district, by which 1 
designation is understood a more or less elliptical area comprising tho 
nines of Galena, Kan., Webb City. Cartervilk' and Joplin in Jasper 
I'winty. Mo., Granby in Newton County and Aurora in Lswrencu County. 
luiiides various less well l^noivn raining centers. Circumscribing this area 
li) an ellipse, its Jong axis, extending from Aurora, Mo., on the east to 
iialena, Kan., on the u>'st. a dislmiee of about 50 miles, lias n course 
(1 little north of west, while its width on the shorl axis extending north 
from Granby, Mo., is about 25 miles. Tlic country rock of the region 
!• thiefly limestone of the I^wcr Carboniferous formation, which imrae- 
' .iti'Iy underlies the adjacent coal measures of Kansas. This limestone is 
I 1 pverywliere ore bearing throughout the district, but only in local areas 
!ii;re the conditions have favored the deposition of mineral. Surrounding 
eueh areas are broad tracts of barren ground. The geographical position 
|"if thfi zinc Iwaring areas, together with the location of the coal and natural 
ips fields of Kansas and the principal smelting points, is shown in the 
impanying map. of which the scale is about 18 miles to the inch. 
XaUire of ihe Ore Deposits. — Broadly considered the ore deposits arc 
iar masses of brecciatcd and mineralized chert, more or less inter- 
with limestone or the products of its alteration and decomposition, 
inrroimded everywhere by limestone. Many of these lenses are of 
size, espoeiaily in the vicinity of Webb City and Joplin, Mo., and 
, Ran., where stopes occur 75 to 150 ft. wide, 40 to 80 ft. high, and 
400 ft. long, from which all the material extracted has been milled.^ 
Uer lenses are 15 to 50 ft. wide. 5 to 30 ft. high and 100 to 500 ft. 
In one instance near Joplin a channel of ore was followed for 1,000 
lenses and channels are frequently of highly irregular shape, 
Bending out sheets and pipes into the surrounding barren country 
They arc connected with a system of fissures in the country rock 

p Enitnckj' zinc dpposlta occur In an been described by S. F. BmmoEB, In Trans. 
'ntnuloa at the lead sad fluorspar distrlrt Am. Inat, MIn, Hug.. XXI, 31. 
«r RoalclHre, lU., the geulogy ot which hog - IVaUer P. Jenney, Ibid., XXII, 103, 
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occasionally tliu latter are found mineralized in coincident sheets. I 
IS, Jenney (loc. cit.) describes vertical flseurcs in the district which 4 
■erse the limestone without disturbing the stratification or producing 

brecciation except between the cheeks of the fissures, enclosing veins 
mineral after the usual manner of "fissure veins." A fissure of that 
racier near Joplin carried ore to a depth of <!0 ft. M'itli ;i longitudinal i 
ent of 200 ft. and thickness of 4 to 12 ft. brfween walk ■ 

[Tie more common lenticular masses of ndneral bearing cht-rt in general M 
nearly horizontal. As would be naturally expected, the distribution of 
nt-ral through the chert is irregular, The bk-nde occurs impregnated in 
.ms and bunches in the cbert, so that fretiucntly the fragments of the 
ter appear cemented together by tlie blende, which everywhere permeates 
; mass in a net-work. As the ore becomes richer the seams of blende 
urease in thickness and sometimes pockets of solid blende or loose aggre- 
tes of crystals (grave! jack) are found. Usually the proportion of blende 
creaEes in the lower part of the deposit, where it sometimes entirely 
places the chert, but at the bottom of the deposit there is eoimnonly a 
yer of very solid, dense ehert, which cuts off the zinc ore. It is often the 
,ee, however, that another ore body comes in under oucli a lajer of chert, 
id there are instances where four successive ore l)odica liave beuii opened, 
le under the other, with intervening partings of chert. The ore bodies are 
)metinies identical with the ehert lenses, so that the entire lense is more 
r less impregnated with blende, but more frequently separate ore bodies 
ccur in various parts of the larger lenses. 

Grade of Ihe Ore. — It will be inferred from the foregoing description I 
hat the grade of the ore of the Joplin district is very variable, which is in ' 
act the case, the run of the ore mined ranging from an insignificant per- 
«ntage of zinc to nearly pure blende. Important bodies of the latter char- 
ictex are rare, however, and in general the ore raised must bo dressed. With 
the best ores one ton of eonecntrate assaying G0% Zn is obtained from two 
to five tone of crude ore, while the poorer ores mined yield only one ton out I 
Bf 20 or 25 tons. It is futile to attempt to reckon the tenor of zinc in the ' 
crude ore from the above statement, since there are extremely variable, 
I'lit generally high, losses in dressing according to the Joplin practice. 
This subject is discussed at more length in Chapter XI, q. v. J. E. Holi- 
baugh, in The Mineral Industry, II, 670, stated that some ore bodies would , 
^eld 75% to 80% mineral, while in others the average would not he over J 
10%. In The Mineral Industry, HI, 537, he stated that at that time (1894) -J 
few minea could be worked at a profit which did not yield 10% of mineral,. 
the average value of blende in that year having been $17-10 per 3,000 lb. 
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at the mines, though a large deposit of ore yielding 7% haJ been worki-d 
profitably in the Victor mine at Carterville, a large tonnage Iwing bandk'd 
daily. At the present time the average yield of the district is probably not 
more than 5% and many mines that yield only 4% are being worked.' 

Deposits of smithsonite and hemiinorphite, classed together as "silicate 
ere" by the miners of the district, occur especially in the vicinities of 
-ATirora and Granby, where ore of that character is got rich enough to ship 
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Fig. 11. — ^Vertical Section of a Typical Ore Deposit neab Webb 
City, Mo." 

in lump form. As sent to the smelters it probably averages 40 to 455^ Zn. 
Elsewhere in the Joplin district blende is the predominant mineral. Ga- 
lena is commonly associated with it, hut it has been found that the latter 
mineral more frequently occurs in tlic formations near the surface, while in 
the lower parts of the ore bodies there is less of it, and often none at all. 



'There 1e no donbt that the average yield "These : 

\'pt ton oC crude ore mined and milled in the paper i 

'lie JopllD dlKtrlcl baa grenclr dlmlalghed nesr Webb 

ilurlng th» last 10 yeacB. Trans, Am 



lluBtratlonK are reprodnced from 
D "Zinc Blende Mines and Mlu 

Clly, Mo.,-' hy Carl Flenrk'li, 

Inst, MIn, Eng., 




Where tin- two iiiiiii-rnU ottur togrthpr then' is no sharp line oL dci 
tion, but in (Irewsiiig there is no difficulty in separating the two minaili 
when iatermiiiglit!. As the surface deposits are exhausted the proportioi 
of lead ore to aliiie ore won is decreasing.' Fortunately, there is not tsi 
rule a large percentage of pyrite associatetl with the blende of the Jopfij 
district, hut there are some mines where it runs so high as to prevent tb( 
production of a marketable ore bv ordinary gravity concentration. 

Other accessory minerals are marcasite and chalcopyrite and bitamen, 
but these are rare and of no important effect upon the character of the aw 
Mention should be uiade, however, of the masses of clay, generally oE 
red color, but Bometinies yellow, brown or black, which occur in cavities in 
brecciated deposits, which are of particular interest because of their 
hi^ tenor in zinc silicate. A series of thirteen analyses of this material, 
'ported by Winslow,* shows a range from 2-36% to 56-12% ZnO. These' 
clays are abundant in some places, but the variability of their tenor in 
zinc and the difliculty of separating the low grade from the high gradt 
has hitherto prevented their utilization. 

he Missouri blende is commonly of the brown, resinous character, often 
ruby red, sometimes black and rarely white. Miner a logically, it is very 
pure, containing only insignificant proportions of isormorphous iron and 

dmium. The following analyses, although of old date, convey an 
of the purity of the mineral: 
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The concentrated ore produced at the present time averages about 60% 
zinc. Its tenor in lead may be put down at 0-5 to 1%, and in iron | 
from 1 to S%. It assays about 30% S, and the remainder of its composi- 
tion, besides a little cadmium, is silica. It is free from both arsenic unH 
selenium. 

Mining Conditions. — The operating of mines on leased land is almost » 
universal practice in the district. TTnder this system the fee-owner usually 
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"* I lease on a large tract of his land at a royalty of from 8 to 15% of 

f '06B ontput of mineral, the lease being made usually for a period of 

as. The lessee prospects the tract by drilling or sinking shafts, and 

_ aeral is found, sub-leases portions of the property, usually lots of 200 

- ijpaxe, at a royalty of 15 to 25% of the gross output of mineral. In 
. -easee the fee-owner operates his own minee and frequently a lessee 

- ^ to work a rich deposit rather than to sub-lease it. This system has 
iet one good result, inasmuch as it makes the district largely free from 

-^ft difficulties, so many miners being directly interested in the opera- 
£ Experience has shown also that in the long run the system is prol>- 
ftbe most economical under the existing conditions, since although a 




Fig. 18. — Plan op Ore Deposit Shown in Fig. 11. 

mlta of ore or flint body are aaa at leTel A, Fig. 11 ; 666 at B ; ww »t C ; and Udd »t D. 

The dotted line iDclDBes tbe area wltbln wblcb there la no adequate 

support oC tbe root ol the ore deposit 

>nipany operating its own property on a large scale can mine and mill 
ost cheaply, lessees are at an advantage in exploring for new ore bodies. 
Mining IS done in the Joplin district from the grass-roots down to 250 ft 
le average depth of all the shafts operated being probably about 120 ft. 
rany dnll-holes have recently been put down to depths of 250 or 300 ft. 
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and ridi ore ha* beon struck ai greater depths. The contract price ot 
drilling to ordinary depths is $1-25 per ft., but better figuree can be ol 
on large contracts. Owing to the chattered condition of the rock foi 
nnd the presence of chert in irregular and hroken masses, the diaiuoni 
hae not been Eucccssful in the Joplin district. Thu cost of shaft 
very variable, depending on the locality or kind of ground, Aceoi 
Harold A. Titcombj' a GX'i' ft- shaft was sunk 80 ft. on contract in 
Belleville district for $2 per ft.; this shaft was in soft open ground. 
.'•X7 ft. shaft. 70 ft. deep, two miles west of Joplin, cost $20-25 por 
that figure including a email boiler and pump. A shaft 125 ft. deep 
sunk one mile west from -TopUn at a cost of $14-30 per ft.; 90 ft. was 
hard Hint and limestone and 35 ft. in open ground. 

'Dm cost of mining and milling in the Joplin district is discusst'd in 
Chapter XI. 

Literature. — There is an extensive literature concerning the geologj^ ol 
the Joplin district, its ore bodies and their origin. The most recent worki 
are a paper by Car! Henrich on "Zinc Blende Mines and Mining near Webb 
City, ilo.," Trans. Am. I/mi. Min. Eug.,XXl, 3 to 35; by Salter P. Jenner, 
on "The Ijead and Zinc Deposits of the Mississippi Valley/' ibid., XXII, 
171 to 225; by Arthur Winslow, on "The Lead and Zinc Deposits of Mis- 
souri," ibid., XXIV, 634 to G89; and vols. VI and VII of the report of the 
Missouri Geological Survey, by Arthur Winslow, published in 1834; also 
'"The Galena-Joplin Lead District," by E. Hawortb. in The Mineral Indius' 
iry. vol. VIII. 

New Jersey. — The great zinc niinea of this State are situated in thi 
towns of Ogdensburgli and Franklin Furnace, at Stirling and Mine hill 
respectively, in the valley of the Walkill River, a small stream, about 12 to 
15 miles south of the Xew York state line and 40 miles in a diri'ct line and 
GO miles by railway from New York eity. They were owned by General 
Lord Stirling and worked by him for iron previous to the Revolution, anJ 
about 1840 were first worked for zinc, though for the next 10 or 15 yiar* 
the various enterprises were more or less unsuccessful. The zinc minw 
of this district have had an eventful history, and were involved in what 
appeared to be an endless litigation until in 1895 the conflicting inter^ta 
were consolidated in a new corporation, known as the New Jersey Zinc Co. 
That company now controls all the mines in Sussex County, N. J., and in 
the Saueon Valley, Penn. 

Grologi/ of the Ore Deposits. — Both at Stirling Hill and Mine Hill, the 
former being two miles, south 20° west, from the latter, the ore bodies occur 

'Eng. and Mln. Journ.. ,Iiily 2S, l!>on. 
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£ beds lying between strata of white limestone of Cambrian, Cambro- 
iilxirian^ or Archsean age, which have been contorted in a remarkable man- 
ler. The Stirling Hill bed, or vein, as it is commonly referred to, strikes 
louthwest for 1,100 ft., then curves around for 300 ft. and strikes north- 
sast^ parallel with its own extension, for about 476 ft., until it ends. Both 
parts of the vein dip about 60° east. 

The vein at Mine Hill presents analogous, but even more complicated fea- 
tures. It strikes south 30° west for about 2,500 ft., then bends around 
in a sharp fold and strikes to the east at an angle of about 30° with its 
other extension, and after running approximately 600 ft. pitches below the 
surface at an angle of 27° or 28°, though it has been proved by borings and 
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Fig. 13. 

a shaft to extend about 2,000 ft. further, where its depth below the surface 
is about 1,000 ft. In the western vein the ore dips southeastward at angles 
varying between 37° and 60° ; in the eastern vein it is nearly vertical. 

The outcrop of the Stirling Hill vein plotted on the map resembles a 
hook in its shape. That of the Mine Hill vein resembles a wire bent 
sharply in two legs at an angle of 30°, one leg being short but of equal 
length to the other if its known extension underground be plotted. In 
transverse sections both deposits show as two veins dipping more or less in 
the same direction and one apparently underlying the other, wherefore they 
are frequently referred to as the "front^' and "back^^ veins. 

The Stirling Hill veins vary from 4 to 20 ft. in thickness, throughout 
which the zinc minerals are disseminated, but not imiformly. In the front 
vein the portion near the foot wall shows a band richer in zinkite and willeir 
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ite than tlmt near tho hinging, bat it is hardly enough to justify Epa 
of two veins, u zinkite vein and a franklinite vein, as has been done,' 
arc irregular and pinch bocaiist- of the coming in of the foot wall. 
body 19 an impregnation of the limestone along this horizon » 
bearing minerals in a greater or less degree and with n ftreak r 
7inc next the hanging. As niueh as 20 ft. in thickness hag been tak 
up to the limits where the walls beeame too lean to work. 

The Mine Hill vein is as much as 50 ft. thick in places and evenfl 
at the bend. Frank L. Xason. in a paper in Trans. Am. Inst. Mifhi 
Febrnary, 1894, which goes extensively into the geolog}' of the dcp 
«idera that the ore body ia equivalent to a prism 3,500 ft. long, J 
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Pio. 14. — Thaksv-erse Section or Zinc Ore Deposit at Fkankuk 

Furnace, N". J. 

Ruction A on Fig. 13. Scale. 1 incb^200 tett. 

and 85 ft. thick. It is probably the largest single deposit of zinc ore ever 
found in the United States and one of the largest known in the world. 

Character of the Ore. — The zinc ore of Sew Jersey is essentially a mix- 
ture of zinkite, willemite and franklinite, forming a rock-like mass (accord- 
ing to F. L. Clerc, whom I quote because of the aptness of his description) 
not unlike in appearance an eruption of granite, in which the frankltnlte 
reprcBents the quartz, the willemite the feldspar and the zinkite the mica. 
The analogy would be more exact if the ore were compared to a gameti- 
ferous syenite, in which the greenish orthoclaso might stand for the wille- 
mite, black hornblende for the frankliniti.' and the red garnet for the 

' J. F. Kemo. The Ore DeooglU at Frank- r 

lis Fnrnace and OgdeiuburRti, N. J.. In I 

Tram, New York Afadem; of Science, XIII. » 
III !is 1E"rii]'i'ni'<r Rhmild he made to thU 
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ft hut neither any granite nor the imaginftry syenite would liavf 
ctly crystalline appearance and brilliancy of the N'cw Jersey zinc on 
the franklinite, willemite and calcite there are small (|iiantities a 
6, tephroite, garnet, and occasionally other minerals. The miners) 
[composition of the ore is approximately as follows: frankliniti 
1% ; willemite, 31-58% ; calcite, lS-ti7% ; zinkite, 0-52% ; tephroite a 
silicates, 3-31%; total, 100%, Its chemical composition ie ZnOj 
i% (Zn, 33-58%; 0, 5-77%) ; Fe.O^, 33-06%; MnO, 11-06%; CaCO^ 
'%; SiOi, etc., 14-57%: total, 99-71%. Owin^ to the low tenor i 
md the high percentages of iron and manganese, the ore was not u 
Bivcly for the manufacture of spelter imtil recently, but was employed 




B, 15. — Tr.\n8veb8e Section of Zinc Obi-: Deposit .*t Fkanklin 
Furnace, N. J. 

Hrcttnn B >jn Fl^. IS. BcBle. 1 Inch^^DO tmt. 

hr for making zinc white. The development of special proeesBes of 
knical separation of the minerals, which are described in Chapter XI, 
■lade the ore a source of high grade, remarkably pure zinc mineral. 
wloiiatioti of the Mines. — At the time of the viwit of the American 
Jute of Mining Engineers to Franklin Furnace, N". J., Feb, 34, 1899, 
|b etated that the great ore body at tliat place {Mine Hill) was then 
bi to be over 3,500 ft. long and in places over 300 ft. thick. At the 
i end of the outcrop the ore was to bo worked by an open cut, and ■- 

!the overlying limestone was being removed. The ore then mine3 ■ 
from ft shaft 950 ft. deep, sunk in the banging wall. The ore body J 
Ijeen opened by a number of drifts and raises, but there were no stopesp^ 
bid anv definite system of minintr been laid nut. as the shape of the <>" 



•HI- n -=ir itf^ >n>if '▼%■ 4ul imii^i^rmiiHd. Camidraablc surii 
wfa Jim Tiw -Biiv 'imiuci ii»ii>s in the limatan^ one large stiea 
iTf-n -'IT K- W+i ft a Ttiiiiuur ^ ^cafc. AH tbe water collediml 
-■niun .- — nr '■■ ^nr^jt- a ■iiu; ™ by a dnplex, trlple-expanQui 1 
tuir.m -c-aai 7>ima. Ti^h zas i <:apai:Lt7 of luarlj 1,000 gals, pera 
rhe iiiniiir if -hr 3iine m F-nriarv. I--W, was sboot 400 bms of oitfl 
im •••nir*' -die ^imatt-rLim }t -jm n*^w mill thai under conttruetion ^ 
»^ -S3i«&-i -1 »•• X prwiuLTiTe .^apanirr for 1,000 tons per dier 

■ orncoiif a ■*t:-±mi W". laT.^ amr 1 19»)1> beoi discontinued, it In 
t-s -iiuuL -iuic rie m if die amb> cho^ ahfaongb abondant, is la 
,i!in. '.lar if ILni: HU aati liuu inai^r cccnomj can be Becured tot| 
Tn-fc-M I'- "iitiiLiaj T'lrk to :i.; lanw deposit. In 1900 the 
I^OL' ■:.i. pCKiajr^i iibl --az ro it# imlls 193;362 long tons of ure, ill 
^aita. Ta-i; !?.):> ^jot, •-■aaae from Mime HilL There were s}iippMi 37fl 
T'ULf 1* :r-itie it». ia«i 'Mdosectui!^ IftXfi*) tons, the latter ji^lding 14S; 
Tins :f 3i:3ttnl. -jc aiiariy S:5*6 of rfie weight of the ore as received h 
Thi* ■"-w* T^ :^miLn2t)u> Viewing of ridmeee was 
v*l:_<:^ Tliie "•'""- V3:? dsTTv^ from dKV8lo(HiMitt woifc in the deep levele olll 
i:_3k, A.;f:p:--3;: t.^ zbn- N\w Jersey GtologtaU Sarvev. the total p 
-.-a :: Tb«* zl-jzt-^, •~ifh are the only ones in that State, was 191,220 to 
•Ctf :=. :---l*i!ii=sc VMJ^^l in !?•:">. 

\iW lIzi:oi>. — D-ptJtit* of iixc ore near Hanover in the southffestenV 
Tiir^ ■ f T>.ii T'erTTtiTTT bjv* 'w«i exploited to a gmall extent. They occur ii 
~ij LZ.I -riiie liaiesoae •>? Lower Carboniferous age, or older. The3e-l 
r>-K.Tj ire iff two cjaiees^ calamine and blende, and according to ff. Pl 
K^'ii:' ire rather zni-j-e in some respects. Apparently the depoaita ofl 
*.'.i:-.z.t iad V;ende have no direct connection. The former have been 1 
-..i»rn*iC 03t from the snr&ce downward in irregular pits and cave-liiel 
- icavaiions. in some e»st^ to a depth of 6<> ft. or more, graduallv thimiiiig 1 
■ ■.:: !'> Tziov £«ams. The ore is chiefly smithsonite, often in close association J 
with aggrcfalions of small crystals of quartz. The best ote as shipped 1 
a!«ays 35 to 3&% Zn. Blende also occurs in masses in the limestone, but 
ahho'Jgh thev may be oxidized superficially, these deposits have no coft- 
DMiion with those previously described. The blende is of the dark, reddish- 
brown variety, free from arsenic and antimony, but commonly interminfled 
with pvrites ; galena is entirely absent. 

The masses of blende ore generally occur at the contact of the limestone 

with dikes of igneous rocks, from which the ore is separated by a sheet of 

bard, tough rock, known locally as "green rock." which consists of fibrous 

'Tram. Am. Inat. Hln. Bus. XXIV, 187. 



libole, together with garnet and probably cpiilotc, and in placra carries 
lAtitc, with blende and pjrite more or L-ms intermingled. The lomi of 
!deposit« of blende is geuerally lenticular, but being nioHtly, if not in all 
Kt along the planes of eontaet of intrusive dikes, ur following the plane 
■aalts, they iiave such linear extension and Bequence as to present the 
Eral appearance of lodes, ActinoUte and gamet occur with the mineral 
where than near the dikes and Blake eonfiidere them to be of conteni- 
meoiis origin with the ore. The gamet is of h wax-yellow color, the 
ety grossularite, and aomewliat resembles resinous blende in its appear- 
Owing to the nearness of its specific gravity to that of blende it is 
ll difficulty separated from the latter by gravity concentration. 
liipmentB of zinc ore are made from the Hanover district to Nortli Chi- 
, ni., and Mineral Point, Wis., but the high cost of transportation 
br has heretofore prevented any extensive e;tploitation of the mines. 
KNSTLVAXiA.— Zinc Ore has been mined at several places in this State, 
ially at Friedensville, Lehigh County; in Sinking Valley, near Bir- 
lam in Blair County; near Landisville in Tjancaster County; on the 
sqnehanna River a few miles below Sunbury in \orthumberland County. 
1 OB Pickering Creek a few miles south of Phenixville in Chester 
Of these the Friedensville deposits were the most important and 
» of interest now, since they are likely to be reopened. 
^friedetisville. — The Friedensville mines are situated in the Saueon Val- 
f, a few miles south of Bethlehem. According to H, S. Drinker,' zinc ore 
e first discovered there in 1845, and mining on an extensive scale was 
1 1853 by the Pennsylvania & Lehigli Zinc Co., which at the same 
i erected smelting furnaces and a zinc o.xide plant at Bethlehem.^ 
i mines, known as the Feberoth, Hartman and Saueon were opened ; 
Y are situati-d within half a mile of each other. The ore occurs in a 
itnin of magnesian limestone of Lower Silurian age, which strikes nortli- 
t and southwest. 

^he character of the deposiis has been somewhat differently described by 
nry D. Rogers,' Frederick Prime,* F. L. Clerc," and H. S. Drinker.' A 
mparison of their accounts indicates that there are three channels of ore. 
I which the three mines named were respectively opened, formed by 
■leplacement of a part of the limestone, or of parallel strata of it, with 
i^oanecting cross-seams. In each mine the ore shoot pitches to the south- 
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wot. In tli(.' L't'bcrolh uiina tlie limestone strata are much disbuiMl 
htand iic^irlv vertical ; in the Ilartinan mine, distant about half a mile: 
thff \U'\HT<}ih, the htrata are ]q^^ disturbed and the dip is less steep; i 
Saiicon mine, distant two furlongs from the Hartmann, the regnLui 
the Htrata is ntill more pronounced and their dip more gentle. 

In the UelxToth mine there were six parallel seams of ore interlam! 
with lim(*Ht()ne strata and connc^'tedby six perpendicular seams, j 
interw^ctions there were found enlargements of the ore body, some d 
hul>(eH l>elng 20 ft. thick and 60 ft. wide. These seams were follon 
more than 1,001) ft. on their strike to a depth of 225 ft. vertically, or : 
on i\w <lij>, at wliieh depth the operation of the mine was discontinue 
no HJ^nH of failure. In the Hartmann and Saucon mines the ore 
W(»n» niori' eo!ni)aet and lenticular in form. That of the Saucon mi 
renuirknhlv regular in pitch, course and width. It pitched to the s< 
an angle of about IU>'', was 60 ft. in width and had a thickness of 
The llartnumn mine was worki^ to a depth of 150 ft. The Sauc 
sluH^t wai» followtnl 250 ft. bv the Bergenpoint Zinc Co., gaining a ^ 
depth of 110 ft., and was followed 150 ft. further by the Lehigh Zi 
into wha^e pn>iH*rty it had passed, a total depth of 200 ft. being reac 

The relH»n>th n\ino was worked continuously from 1S53 to the a 
of 1S76, when it was closed on account of the great quantity of wa:-^: 
had to bo pumjH\l. Kven at the depth of 40 ft. there was a zr-iz : 
wjitor: at !50 ft. depth the then famous pump, known as :h-e ~Prf<: 
\\jis instalUnl. Thi;: was a Cornish pump, with a 110 in. sizii:'-f rj 
double aeting. vvndensing. walking-lvam engine, 10 ft! srrrkr. iefiz 
wv^rk four lU^in. pluuirvT pumps and four 3»>-in. lift p:inrs- ttlii 
str\^ki\ *iul 10 lako water from a depth of ?»X^ ft. When -arrri -^li ? 
U w^s ruuttiug :^:x to ^^von 5itn?ke< per min:ite, and 0T>fr^rirx "ihrfr 
0? ,'^v^::v pu:v.:vi auv? v^no pair of 22-:n. and was easily '"^^"'-^j il»f 

V>s* HAr?:v,*nu *r.v: SdiUvvr. r.uze:s wer^ wee, rr: rh-f r:-r :f vi 
» Vr.\ %*$ \\si :hAr, tr. :hfc* Uecvrvch, anl they crnnriei :: :tf .T^rim 

>*».^;.v^^tt^ «!kX Voiuttecccz^f ' ihur rb? sirficrf. :hiz. 
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and blaieh elate color. It is remarkabl}' free from lead, usenio 
imony, wherefore a high grade of epeltiT was made from it, but it is 
t mixed with pyritc, whicli, together with its cryptocrj'Htalline 
■, makes it difEcuIt to concentrate. According to C'lerc (loc. cit.) 
ed from 35 to 40% Zn as sent to the works, and since he describes 
lembling broken limestone, I infer those figures represent a cobbed 
ted product. 

:eb8BE,— Zinc ore has been mined at several places in upper East 
where deposits of the mineral have been found in nearly every 
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t of the region, though but few of them appear to be of any economic 
l&nce. The most work has been done at Mossy Creek, New Market, 
^t Creek and Lead Mine Bend. In 1900 a deposit of carbonate ore 
pened near Mascot on the line of the Southern Railway, and an oc- 
Ke of blende was exploited near MeMillin Station, in Knox County. 
t are two forms of deposits of zinc ore in Tennessee. 
tsy Creek and New Market. — One type occurs in the so-called Knox 
^, which is of Lower Silurian age, at Mossy Creek, on the main line 
i- Southern Eailway from Knoxville to Asheville, the zinc bearing 
[extending in a southwestward direction from Moasy Creek througBT 



\ev Mufcet to wtUua «u miles from Knmrille. Mimrr of smil 
irore foond origuialljF in thi» &m, ip^ oii * JHS^ rarface of 
and ramundcd bt, or coTeml by, a bed of red ckv. The ore vas of 
porit}', like that of tfae Virginia deporata, which sre not a great 
avav, aod io totm nxpoAs its oocarrcnce vafi similar, althoagh where 
ploit««i th« ot'trljing bit! of clay was not bo deep nor ha£ the coi 
surface of the Umeetone the pinnacle Btmctore of the Bertha mines, 
mine di-posite of thi« character were worked at Moesy Creek by the 
Mixter & Heald Zinc Co. and tlie Bertha Zinc and Mineral Co., and at Hi 
Market by the Ingalls Zinc Co. 

Iraniediately under the surface deposits of carbonate ore the 
cdrrics blende of a light brown color, occurring ae thin reinlets or 
ramifying in all directions. The limestone is greatly broken ap. 
(K'ania of ore are rarely half an inch wide and seldom more than a few fe 
in length. They appear to have been deposited in joint planes and irrf^Url 
fractures in the country rock. The mineral is distributed La this manner 
Ihrough a thick stratum of limestone; in the course of a brief esamination, 
in Novemi>er, 1899, I wns unable to discover any systems of enrichmeEt 
which might l>e followed in mining the ore, nor did the miners who had 
worked there know of any. .Apparently, the only practical method of 
mining was to break out all the rock and sort that in which the mineral 
was most tliicklv disseminated. Ore could be so sorted as to assay 8% Zn. 
The blonde is commonly accompanied by barite. which makes it difficult to 
produce a concentrate assaying more than 50% Zn. 

The above description applies particularly to Mossy Creek. At Neir 
Market the occurrence is similar, but the ore bearing stratum of limestone 
is said to be only 50 ft. widp, which is less than at Mossy Creek. The fol- 
lowing analyses of ore from New Market were made at the University of 
Tennessee: smithsonite—ZnCO,,, 83-29%; SiOj, 13-10%; FcCO,. 1-32%; 
Fe„0,„ 0-66%; CaCOj, 1-07%; MgCO,. 0-56%; hlend^ZnS. 84-75%: 
Si6„ '!'-57%: Fe,0,+Al,0„ 1-G6%: CaCO,. 5-98%,; MgCO,, 0-04%. 

The mines at Mossy Creek formerly owned by the Edes, Mixter & Heald 
Zinc Co. have been more recently exploited by the John Weir Lead & Zinc 
Co. ; those at New Market are idle ; other deposits in the district are worked 
in a desultory manner by individuals, who sell the ore to the Bertha Zinc* 
Jfineral Co. or to smelters in Indiana. 

SIraight Creek. — A mine was also worked by the Edes, Mixter & Hetld 
Zinc Co. and later by the John Weir Lead & Zinc Co. at Straight Creek in 
Claiborne County, about three inilos west of Lone Mountain Station, on 
thp KnoTTille & Cumberlnnd Railway. M this place there is a limestone 
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:ionnation striking north "0" east, and dipping south 80° east at s slope vi 

35" at the point where the ore outcropped ; in going east the dip incri<asi<3 

4o 60'. A shoot of ore pitching east and partly replacing a stratum of the 

limefitoDc outcropped on the side of a hill and has been followed several 

lundred feet, changing from calamine to blende with depth. The on- 

Iges and pinches in lenticular form, sometimes attaining a width of 20 ft. 

d a height of 30 ft., but is generally of less dimensions. Near the ore 

iy caverns of irregular shape are frequently found in the limestone. 

le carbonate ore has been entirely mined out of this shoot. The sulphide 

) body consists of small streaks or lenticlee of blende interlaminated witTi 




Fig. 17. — ALip of EAaxEBN Tennessee. 
Showing locatloD ol z!ac mines, 

leetone. After breaking it can he readily separated as lump ore assaying 
1% Zn. The blende is of the grayish brown, crj'ptocrystalline variety, 
is quite free from pyrites, but some galena is intermixed with it. 
Lead Mine Bend. — About 16 miles west of the Straight Creek mine, 
Ithin a quarter of a mile of the Powell River, ia the Lead Mine Bend 
pperty, which occurs in a similar limestone formation, but the beds there 
more flatly. This mine was originally worked for lead, as its name 
plies, and has been extensively developed. The mineral occurs in a, 
made up of bunches and lenticles of galena and blende interiam 
with limestone and following a crevice which breaks InngitudimdU 




SiU„ l)-a3% FejU, and M^O,. 4-54% CaCO.. 2-01% MgCO^ and B-nf, 
combined water. Tliis ore yields a ejwlter of exceptional purity. 

Blende ia found in irregular deposits tiirough a depth of a himdied 
feet or more of the linii^stone underlying the calamine, and in following 
the limestone on its dip it is espected that larger deposits will be found. 

Method of Mining. — The Bertha zinc deposits and the method of work- 
ing tliem have been described by William H. Case in Trans. Am. hist. Min. 
Eng., XXII, 511 to 536, and by E. C. Mosham in The Engineering and 
Mining Journal, 1893, LVI, No. 22. Since those publications, however, 
the system of osploitation has been changed radically. 

The thickness of the clay cover varies from 10 ft. to 150 ft. In the 
early days of the mine the method of working was simply to remove and 
waste this clay covering and then mine the ore by open-cut methods. Of 
late years, owing to the increasing thickness of this overburden, under- 
ground methods of mining have been used exclusively and the opeu-cut 
work abandoned; these underground methods consisted of sinking shafts 
through the clay and zinc ore to the bed-rock and then removing the zinc 
ore by drifts and galleries, hoisting the ore through shafts, and of coutsc 
timbering every foot of the ground to support the overburden. In still 
more recent times two important and determinative circumstances arose 
which led to another change in the method of ndning; (1) the increas- 
ing expense of winning the zinc ore by the underground methods described 
above made them quite unsatisfactory; and (2) the clay overburden was 
discovered in a greater part of the mineral zone to be capable of yielding 
a high-class limonite ore, which was valuable for its iron content. 

In 1898, therefore, the mining of zinc ore on the property was abandoned 
temporarily and the work of stripping and washing, by the ordinary 
methods of the district, all of this overlying iron ore bearing material was 
begun. In 1900 such progress had been made that about 1,300 tons of clay 
were being removed and washed per day, yielding about 160 tons of limonite 
which is shipped to the blast furnace at Pulaski, the idea being to attack 
again the deeper zinc ore by open cuts whenever and wherever the cover of 
clay and iron shall have been sufficiently removed. For this reason the 
zinc output of the Bertha Zinc & Mineral Co. has been temporarily reduced. 

Clark Mine. — Some developments have been made at the Clark mine, 
across the New Eiver from AlHsonia, Pulaski County, Va.. where calamine 
and blende have been found over a considerable area. The country rock is 
limestone interstratified with dolomite, in which large beds of mineralized 
rock are said to occur, A test of a carload in 1898 showed that 3-lS tons 
of rock would yield one ton of concentrate assaying 48% Zn and 16% Pb. 
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BUiother test of 10 tone of rock gave 245 tons of concentrate assajing 
■0-52% Zn, 16-057o Pb, 2-75% Fe, 20-54 8, and 1-8 oz. silver per 2,000 lb.' 

■ WiscoxsiN AKD lowA,^ — The mines of these States, where lead occurs in 
■SBOciation with zinc, were first worked for the former metal a little previous 
Be 1800; the mining of zinc ore did not begin until 1860, at which tiiue 
Hie establishment of thu Matthiessen & Hegcler zinc works at Lasalte, 
^pl., hegan to furnish a near-by market for that kind of ore. The area of 
■le Wisconsin-Iowa-Illinois mining region, which for convenience will bo 
^Rferred to as the "Wisconsin region," including under that expression its 
Bxtensions into Iowa and Illinois, embraces about 2,600 square miles, its 
Heugth in an cast and west direction being about 65 miles, and its breadth 
Korth and south about 55 miles, the area being more or less elliptical in 
Klan. About five-sixths lie in Wisconsin and one sixth covers the con- 
Kguous comers of Iowa and Illinois. The altitude of the region is between 
BBO and 1,700 ft. above sea level, its surface aspect being that of a gently 
H&dulating plain, with conical flat-top mounds rising 100 to 400 ft. above 
Hbe general level. 

■ Geology. — The geological formation comprises sandstones, limestones 
Knd shales of the Cambrian and Lower Silurian systems, the ore being 
Bound in the Galena dolomite, 250 to 975 ft. thick, the blue limestone, 
*50 to 75 ft. thick, immediately imdcrlying, and the buff dolomite, 15 to 20 

ft. thick, which next" underlies the blue limestone, the three formations 
belonging to the I-ower Silurian. The Galena limestone is the most impor- 
(ant ore carrier. 

Geographically, lead ores are distributed over the whole region, hut espe- 
rially in the southern portion, in the vicinity of Galena, 111., and Dubuque, 
la., while zinc ore is more abundant in the northeast, at and near Mineral 
Point, MilBin, Linden and DodgeviUe, where the lower beds of the ore 
bearing horizon are more exposed. It is a generally observed rule in this 
region that the zinc ore occurs at greater depth than the lead ore, even 
when both are found in the same crevice, and it is considered possible by 
the geologists who have studied the region that deeper mining would reveal 
zinc ore in the southern portion. Besides the places named above, Platte- 
ville, Shullsburg, Benton, Hazel Green and Potosi are important mining 
centers. 

The ore first mined in the Wisconsin region was found chiefly in residu- 
ary clays near the surface, but since then it has been obtained from vertical 
previeee or flat sheets in the country rock. The former characterize espe- , 
I ciaDy the Galena limestone and are preeminently lead bearing. They rarely A 

I Thp MlDeral InduBtrr. VII, 729. 
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t'li'it.il lixi ft. in tlfptli, bill an; often several hundred feot in Icngtb. 
Kirut-tiitii-s t'xist H6 fitiir M-Ania filW solidly with galCDa, and clsewlK^r^ 
lo larpi' eavig. 5u or lon ft. long and as much as 30 tt. wide. Flat shalf 
nn- iiKWt almnilaiil iu the Trenton liui(.«tDn(>. and liku the vertical crevica 
Liiay Ik' fiUctl Atith solid masses of galena or blende, but more often the 
lainenti if intcririiM'tl with a gangiie of calcite and sometimes baritc. i 
modification of the flat deposits are the so-called "flats and pitches" in 
whii'li on- ('Xti-nds ilownward, generally on two sides, from a central fiai 
bhuet in a scries of stejjs. which are alternately transi-crse to and parallel 
with the islrata. T)u' largest mines are in deposits of this class, 

Kiii't/i of On: — The zinc ores of Wisconsin comprise blende, sraithsonib? 
and heniiniorphitc, with which are associated galena and its derivatives. 
pyrite, marcasite, ehalcopvrite. calcite, dolomite and baritc. The blende 
is eharactcristically of a blaek color and is consequentlj' apt to be rather 
high in isoniorphoiis FcS. Calcite is more common than dolomite anil 
barJte in the gangue, and as oxidation product of the blende, amithsonit* 
ifi a giMKl deal more common than Iieminiorpliitc. According to Winsloff, 
iu the report of the Missouri Geological Survey on Lend and Zinr. I, US, 
tlie production of zinc ore in Wisconsin from 18G0 to 1876, both years 
inclusive, was 69,407 tons of smitbsonite and 57,728 tons of blonde. Since 
3890, the production of all kinds of ore appears to have been from 15,0011 
to 20.000 tone per nnnuni. 

^filnu<J CmiiiiHoiiH. — Tlic methods of mining in vogue in Wisconsin are 
crude, nine tenths of the mines being worked by horse and man power. Until 
a few years ago there was no thought of mining below what was then the 
water level, liiit during the last 30 to 40 years the water has fallen 10 tn 
15 ft. and lias pcrmitti'd shafts to he sunk that additional distance. It is 
between the old and the new water levels that most of the blende has beai 
mined, Some of the ore mined in Wisconsin is jigged, but a good deal is 
concent ra I (i1 Iiy hand sorting only and is marketed in lump form. Out of 
ia.50(t tons of ore sold in nine years from one mine at Benton 77% was 
sortetl, lump ore. .\ good deal of low grade ore is said to have been loft 
in Pome of the mines because of lack of machinery for handling it. The 
Wisconsin region in considered by many persons tn have a capacity for a 
larger output of zinc ore than at present is made if more attention were 
devoted to it, but the presence of a considerable percentage of marcasite 
mixed with the blende makes the production of a high grade concentrali' 
diffleidt in many cases, and the larger deposits and more docile ores of the 
.Toptin district make the latter more attractive to miners. 
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BCanada. — Deposits of zinc ore on the north shore of Lake Superior at- 
^■pted attention in 1898, when the Grand Calumet Mining Co. began the 
^fcloitation of a vuin of hk-ndo near Boasport in the Algoraa district. The 
^fcestment of capital in that enterprise stimulated prospectors to a more 
^Kgent search for new deposits, with encouraging results according to the 
Hpott of the Bureau of Iilines of Ontario for 1900. The Zenith mine, 
Kned by the Grand Calumet Mining Co., is situated about 12 miles north 
■ Boasport, a smal! town on the line of the Canadian Pacific Eailway, the 
H|d to the mine leaving the railway five miles east of Bossport. The 
Bontry is extremely rough and access to the mine, which is about 1,200 ft, 
in elevation above the level of the railway, is difficult, and the road, crossing 
twelve small lakes, shipments can be made under present conditions only 
in winter, when the lakes are frozen over. 
The Zenith mine is opened on a lode intersecting a trap formation. This 
, which stands nearly vertical, is continuous on the surface for a con- 
^erable distance, but although it presents a good showing of ore at some 
places, the ore is said not to extend to much depth, so far as has been yet 
discovered. The ore is blende, dark in color, occurring mixed with country 
rock, which is separated Iiy cnbbing, whereby a product afieaying about 50% 
Zn is produced. The cost of transportation from the mine to the railway 
is about $S per 2,000 lb; according to the report of the Ontario Bureau of 
Mines for 1900, it is not probable that the cost of carting will ever be 
reduced imlees very great quantities of ore be discovered in the district, 
since the cost of building any kind of a railroad through a country of such 
difficult topography would be prohibitory. Some prospecting has been 
(lone on properties near the Zenith mine, where apparently similar occur- 
ri'uces of ore have been discovered. The total production of zinc ore in 
Ontario in 1809 was reported by the Ontario Bureau of Mines as amounting 
to 1,200 tons of g.nnO lb., valued at $34,000, all of which was derived 
from the Zenith mine. At the end of 1900 the company operating that 
mine had, according to The Engineering and Mining Journal, of Jan. 12, 
BOl, about 3,000 Ions of .50% ore ready for shipment, which probably rep- 

mted the production of 1900. 
I Mexico. —Zinc blende occurs at numerous places in this Republic, but 
iny of the deposits are so remote that they arc unworkable under present 
avditions. A few are more favorably situated. Near Monterey there is 
Bid to be a mine of high grade blende ore, nearly free from lead, which 
Bays 3 to 8 oz. silver per ton. At Charros. San Luis Pntosi. tliere a 
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galena-blende oree Bseaying 12 to 40% Zn and 12 to t!0 oz. silver per 
This is an old mining district, and a largely worked one, whert the 
blende waa avoided or sorted out and tlirown on the waste dumps in the 
previous esploitations. Similar accumulations of rejected zinc ore are to 
be found elsewhere in Mexico. At Matchuala and Maroma, in San Lius 
Potoei, there is blende aseociatcd with silver, lead and copper minerals. 
Other zinc bearing districts exist in the states of Wcsico, Puebla, Hidalgo 
and Tamaulipas, but zinc being disliked in the treatment of ores for copper, 
lead and the precious metals, little is known as to their capacity or chances 
for development. In ISOfi the cost of transportation from Monterey to 
Liverpool or Swansea was $15, 5Iexican currency, per metric ton. Charcoa 
and Maroma have good railway commimication, and the cost from thoee 
[)laces would probably be only a little more than from Monterey. The 
TTelena Mining Co. is said to have at Cusihuiriachic, Chihuahua, lai^ 
Iiodics of (ire, which average 25% Pb, 30% Zn, and a considerable tenor of 
silver. A sample of this ore assayed 264% Pb, 35-5% Zn, 5-6% Fe, 
]-8% SiOj and 7-5 oz. Ag per ton. 




OCCUBRENCBS OF ZIKC ORE IN EUROPE, AFRICA 
AND AUSTRAUA. 

fOBits of zinc ore are more numerous in Earope than in Amerieaj if the. 
Bent largely noa-available resources of tKe Rocky Mountains be left 
[ account, and their aggregate production is larger. Outside of Eu- 
liere ie an important production in Algeria and Tunis, while lately a 
[(Table supply of ore bas been obtained from Broken Hill, New South 
, where the blende which occurs in great quantity intimately mixed 
Ifalena has been successfully separated under favorable market condi- 
The zinc resources of Europe are probably now well known, with 
tception of parts of Euesia which are too remote for profitable eiploita- 
tt this time. Those of Asia, Australasia, Africa and South America 
hardly been explored. The most Important zinc producing countries 
rope are Germany, Italy, France, Spain and Sweden, the statistics of 

countries, together with others, have been presented in Chapti 
raid be remarked that the great preponderance- of Germany in the sta- 

is due largely to the fact that the ore of Upper Silesia is smelted 
iratively low grade form, while that of other countries is mostly 
tted. 

Ztso Orf, T>F.poaiTs of Europe. 



in the sta- 
melted in a J 
mostly con- B 

of zinc ore 

ttedly very 



geolo^eal occurrence of some of the important c 
rope is summarized in the following table, which is 
plete, but is of some interest in showing the general tendency of zinc 
posita to form in a country rock of limestone or dolomite. The same 

lenon is manifested in the case of the principal non-arpentiferoua 
te of the United States, which were summarized in tabular form on 
179. It will be observed in comparing the two statements that the 
re deposits of Europe occur through a wider geological horizon than 
of America, being found in rocks from the Laurentian age up to 



■ee of America, bein 





iLo we r Carbonif si 



Limeataaa and Silariaa.'d 



Sweden jAmmeberg. 



Calamine mnd 

Bleode. 

Calamine asdlBolomite. 

blende I 

Blende. Gneiss. 



Dotmniie. 
Schist. 



Cretaceous and 
Laurent! an. 



AcBTBiA. — llie principal zinc mines of Anstria are eituated in Soct 
Oarinthia, Styria and the Tyrot. The Carinthian deposits are distrib 
in a belt a few miles wide and about 100 mile£ long in an east and 
direction. The chief mines arc at Bleiberg, Kreuth. Raibl, Windiscb-; 
berg, Kappel, iliess and Schwarzenberg. The country rock is lima 
and dolomite of Triassic age in which are found bodies of ore of irre; 
form, thi'ir axes appearing to follow the intersections of stratification pi 
and fault fissures. Such pipe-shaped deposits have been as much as 3 
ft. long and from 6 to 90 ft. in diameter. Sometimes they spread on 
the Btratification planes of the country rock, forming flat lenses aa mm 
20 ft. in thickness. The ore is chiefly galena, bnt blende occurs with itj 
in places I>o(lies of smithsonite are found. 

In the Tyrol zinc is mined at Schne(.'l)erg, where the mines which 
been worked for many centuries and eshansted of their lead ore wen 
opened for zitie in ISfifi. The mines are opened on lodes 7 to 5C ft. t 
whieh have lieen followctl on their strike a distance of 1-5 miles and 
depth of 3.000 ft. The country-rock is micii schist and the ore is b! 
and ftalfnii. with pnme pyritc intormived. 
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^lUM AKD MoBESNET. — ^Bclgiuiii ivas fonnerly a large producer of 
ore, but since 185(i its output has stcailily decreased and is now com- 
itively unimportant. Its mines are of great historic interest, however, 
ing been the first L-xploited in the world for zinc and eBtal)lieli(.-d a great 
elting industry, wliicli now maintains its importance by the importation 
Eoreign ores. The principal zinc deposits of Belgium occur at Bleyberg. 
■ Verviers and Ui-ge in the Province of Liege. In the neutral 
itory of Moresnet' are the famous mines of the Vieiile Montagne. 
loresnet. — The zinc mines of Altenberg, or VieiUe Montagne, are bu- 
d to have been worked as early ae the twelfth century, though the first 
jrence to them in existing documents "is 1435. Extensive mining was 
in in 184G, by open cuts, and in 185G underground. Up to 1878 the 
1 output was l,(iOO,000 tons of concentrated ore, derived from 200,- 
^000 of crude ore. The deposit existed in a narrow syncUnal basin in 
'boniferoua dolomite, walled in by Devonian shak-s standing nearly ver- 
ily. The deposit was about 1.400 ft. long, 600 to 700 ft. wide and 300 
deep. The ore was chiefly smithsonite and hemimorphite, replacing com- 
lely the dolomite in some places. Intercalated strata and masses of dolo- 
3 occurred, however, and one such horse divided the ore body in two 
ts. The mineral was gentTally distributed irregularly, but soinetimea 
B found in compact masses and sometimes in layers separated by clay, 
ddesthe smithsonite and hemimorphite, willemite occurred in masses as 
e as 100 eii. yds. The smithsonite was more abundant in the upper 
ions of the deposit and the hemimorphite in the lower, the willemite 
Qg promiscuously distributed. But very little blende or galena was 
nd. The VieiJie Montagne mine has been owned since the early part 
this century by the Soci^6 Anonyrae de la Vieilie Montagne, which takes 
name from it. The mine is still operated, but its production is no 
r large. 

Bleyberg. — The mine at Bleyberg, near Altenberg, which has also been 
brge producer, but to a far less extent than the Vieilie Montagne, is 
med on a fissure vein about 3 ft. thick, which traverse? Lower Carboni- 
s limestone and Coal Measure shales, sandstones and grits, having been 
oved for a distance on its strike of 1'5 miles in the former and three miles 
the latter. The vein stands vertically, or dips at an angle of 75° to 80°. 
e v«n matter consists chiefly of broken country rock carrying about 18% 
metalliferous minerals, principally blende and galena which exist in 
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nearly equal proportions. At certain places large cavities have beeirl 
roded in the adjacent liineBtone, as much as 1,600 ft. in length and 20l)| 
in width, which were lined with blende and galena, but through movema 
in the rock those iocrustationa were dislodged and buried in a wasi< 
breecia on the floor of the cavemti. The Blcyberg mine is very wet. 

Welhenrodt. — At Welkearodt, near Altenberg, a bed of zinc ore occuo 
between limestone and shale of Carboniferous age. Along its etrite it nfl 
ured about 750 ft. The lower portion of the ore body, nest to the \a 
stone (foot wall), was an earthy variety of hemimorphite passing into* 
ochery iron ore in the upper levels. The upper portion, neit the dj 
(hanging wall) wae a black clay containing nodules and seams of hloi 
galena and pyrite. The deposit dipped steeply and conformed to the be) 
of the enclosing rocks. :| 

Nouvellc Montagne. — At Verviers the Nouvelle Montagne mine 1 
opened on a large pear shape body of zinc ore surrounding a core of ialm 

Corphalie.— At Corphalie, near Li^ge. beds of hemimorphite, blende il 
galena, from '6 to 25 ft. thick, standing nearly vertically, occurred betilj 
Lower Carboniferous limestone and Coal Measure rocks. ' 

Philippeville. — Contact beds of galena and blende in the form m 
elusions in limestone were worked at Philippeville, one impregnated etn| 
of dolomite being traceable for two miles, 

Feance.— The production of zinc ore in this country which began sb 
1870 has increased heavily since 1885. The more part of the ore is a 
mine. It is mined chiefly in Southern France, in the region embraced 
Iween the Alps and the Pyrenees. The mines of the Department of Gard 
the chief producers, affording nearly 50% of the total production of Frsi 
The Department of Var ranks in importance next after Gard. Inasm' 
as the names of the modern departments into which France is divided t 
vey an idea of their geographical position to only a few who are not Era 
men, I have grouped the zinc mines of the Republic according to the and 
provinces, or governments. 

Angoumois. — Deposits of mixed sulphide ore occur at Alloue and Aral 
nac, in the valley of the Charente, near Angoul^me. A sample of the 
terial smelted experimentally bv the Ellorshausen process assayed 21' 
Zn, 11-3% Pb, G-1% FeO, 10-8% S,27-2% SiO„, 1-7% CaO, 4-19& I 
0-1% Al^Oa, 0-07% As, 0-15% 8b, and 343 oz. Ag per ton. 

Sritiany. — The mines of Pontpean, near Rennes, in the Departmen 
Ille-et-Vilaine, are the most important in the Province of Brittany. 1 
are opened on a vein, attaining sometimes a width of 25 ft, and avera| 
about 7 ft., which cuts vertically through Silurian schists. It has 1 
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plored to a depth of nekrlT 500 b, Tfae ore is ^kaa a 
geatif erous, and pnitc^ occomi^ as eeans ta a gaagae of qoutz and day. 
5 ihe production «w 119^10 tow mt onde an^ wUt^ jieUed 1S,0S7 
ief galena, a&»}-ing 53% F%, and 30^502 tone of galoia^TTite-Uatde. 
'% La Taucbe, a rein in gnmte eowtoine gpteaa and bknde. 
wp&iny.- — Xear Ma^an, in the Pignut Hoantains ia the IXepart- 
t of Drome, pockets of f^wH**"'"'*'", whidi peter oat with depth, are 
L in Middle Jurassic limcftone. There is also a reitical rein, some- 
i 30 ft. between walls, whkh is filled laifclr with caldte, replaced hy 
jonite in places, blende and galena being of occasional occurrence. 

—Zinc ore is prodocied in namerotis departments of the Pyn> 

In the Canton of CaftiUon. Ari^e, the Sentein minee are opowd aa a 

de between Lower Caiboniferoos HmestODe (foo* wall) and schi^ (hang- 

[) ; the ore is argentiferoos gakna, eemseite, angle^ite, blende and cala- 

^ Tith gangue of quartz and caldte. The mines are at elevation 6,883 

■The lode is traceable a great diEtanoe along the ridge of the mountains. 

Girons there are veins carrying blende, siderite, argent if erotis 

18, calcite and quartz. In the Department of Haute Garonne, near 

ts, numerous thin veins of blende, with some galena, traverse Silurian 

j and Bchists. There are deposits of zinc ore in the departments of 

e and Basse Pyrenees, which produce several thousand tons per annum. 

•uedoc. — At lies Slalines in the Department of Gard there are two 

a of deposits. The more important occur in dolomite of Middle Juras- 

, in and along crevices, in caves, and in large masses inclosing par- 

\ unaltered pieces of the country rock. The ore is smithsonite, hemi- 

riiite, hydrozinkite, anglesite, pvromorphite, blende and galena. The 

f form of deposit is a large vein traversing limestone, which has been 

f>ened on its outcrop for 1,500 ft. The vein consists of an aggregate of 

ualicl and interlacing fissures, mineralized with blende, galena, pyrito 

ttd barite. The production of Les Malines in 1894 was 17,100 tons of 

ikmine, 20,300 of blende and 1,000 of galena. At Clairac, near Alais, a 

jrics of fault fissure veins, from 6 in. to 3 ft. wide, leanly mineralizcil 

ith blende and pockets of galena and carrying barite, traveree Lower 

urassic limestone. The Roussan group includes irregular deposits of 

lineralized Jurassic limestone which become poor with depth. At L>s 

.vinieres a deposit of calamine, now exhausted, occurred impregnating ii 

3d of dolomite between overlying marl and an imderlying bed of silicioiis 

dte. Similar deposits, some of them containing blende, occur at dif- 

I horizons in the same district. In the Department of Ardcchc, which 

s Drome, there are veins of blende and b 
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Prortmet. — ^lo the Dcjartment of Var Otat arc deposits of c 
hkadc wfakh Bake a cancidAable prodoctian. Tli^ Bortnettes mioe it ^ 
pnDd{«l producer; iU ootpvt in 1894 vae M,000 tons, all of vhu^ i 
Ueodc 

Gxk3(jU(t. — This Empire po caeowc the (»ily siiigle zinc m inii i g d 

in point of prodoction approaches the Jopltn district of the Uu 

namdj. Upper Siksia. Besiiles that, howerer, there are importi 

LDcs in Rhine-land and Westphalia, while considerable quantities ( 

ore are obtained from the mines of Xassau, the Earz, and el&ewhol 

which are aUo troriied for both lead and zinc. | 

Baden. — The Crand Fhichv of Baden no longer produces zinc (fn,M 
owing to their great historic interest space may be spared for a brief Td( 
ence to the once famous mines of Weisloch, in the northern part of i 
Duchy, which were worked for galena as early as the eleventh century, fl 
countrj' rock there is limestone and dolomite of the Moschelkalk formats 
of the Lower Triassic, in the npper beds of which smithsonite, blende, gsla 
marcasite and limonite. associated generally with a red clay, occurred 
irregular enlargements of vertical fissures at the intersections of the liU 
with the stratifieation planes of the limestones, the ore bodies extending f 
along those planes in sheets, pipes and irregular masses, sometimes for i 
tances of 2,000 ft., attaining thicknesses of 30 ft. The smithsonite ^ 
remarkable for its high tenor in cadmium, as much as 3-36% of that mt 
having been reported. 

Hanover: Upper Harz. — A considerable quantity of blende is separa 
as a marketable product by the dressing works in the Upper Harz, wh 
the mines, of which the most important are in the vicinity of Clausthali 
Tjautenthal, are worked chiefly for lead and silver. The ore occurs there 
veins in zones of crushed slate of "Devonian and Tiower CarboniferouB t 
said zones being 65 to 263 ft. (SO to 80 m.) in width and extending loi 
tudinally about nine miles {15 km.). The ore bodies are distributed im 
larly through them. The rock of the ore zone is called vcin-clay-sl 
(Qangthonschiefor) to distinguish it from the ordinary clay slate (Co 
sehiefer) of the region, but their composition is identical, the former hsT 
been derived from the latter, chiefly by mpchanieal alteration due to 
force which produced the great faults that traverse the country rock. ' 
Lautenthal mines are particularly productive of blende, but with depth 
all the mines the proportion of that mineral increase!! and galena decrea 

Lower Harz : The famous ore deposit of the Ramnielsberg, near 
and Goslar, in the Lower Harz, first worked between 930 and 940 and to 
or less continuously ever pinee, neeiir= ns n lied int erst ratified with T,f>wer ' 
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an slates and sandstones, wliich have been ovi;rtiimed so that the original 
wall is now the hanging. The ore body, which conforms to the struc- 
of the country rock, dips about 45°. In the direction of its length it 
been exploited over 1-6 miles and in depth nearly 1,000 ft., having a 
:ral thickness of 50 ft. At its maximum development it was 1,900 ft 
i and 150 ft. thick ; at the depth of 800 ft. it was T50 ft. wide and 20 ft 

he ore is an intimate mixture of blende, galena, pyrite, chalcopyrite and 
t^ together with some calcite and quartz. It is sorted at the mine into 
ilasses: (1) copper ore, averaging 8 to 10% Cu and (2) zinc-lead ore 
iging about 35% Zn and 12% Ph. ITie mineralogical composition of 
latter is as follows: blende, 36%; pyrite, 24%; baritc, 16%; galenite, 
i ; chalcopyrite, 1-5%; gangue, 8-5%; total, 100%. The copper ore is 
itothe smelting works at Oker and the zinc-lead ore to the Sophienhutte 
'Isheim and the Juliuahiitte at Astfeld, where it is treated first for 
recovery of a part of its zinc aa sulphate, after which the residue is 
tted in blast furnaces for lead. When the component minerals of the 
imelsberg ore occur in distinct bands, which is sometimes the case, the 
ing into classes is facilitated. 

lie ore deposits of Broken Hill, New South Wales, Leadville, Colo., and 
Hammelsberg of Hanover, are occurrences of mixed sulphide ores 
h are remarkable for their size and high metallic contents. The Broken 
ore is essentially galena and blende; that of Leadville, galena, blende 
pyrite; that of the Eammelsberg, galena, blende, pyrite and ehalco- 
te. In each case the minerals are argentiferous. Tlie Broken Hill ore 
sins about 66% of sulphides; the Hammelsberg, about 75% ; and that 
[ieadville upward of 90%. 

■There is an important lead producing district, from which zinc 

Ubo obtained, in the valley of the Lahn, Duchy of Nassau, where a 

tee of remarkably strong veins are found in a graywacke belonging to the 

rer Devonian formation. There are two great veins on which several 

3 are opened. One of these extends from a point near St. Goar, on th'e 

bank of the Rhine, to Holzappel, on the Lahn, at which point it is 

jiest — a distance of nearly eight miles. The other, the Ems vein, extends 

Brauhach, on the Rhine, across the valley of the I-ahn to Deerbach, 

Montabaur. The most important mines are situated at Holzappel, 

J they are operated by the Eheinisch-Nassauische Bergwerks- und Hut- 

actiengesellschaft, and near Ems, where they are operated by the Emser 

and Silberwerke and the Silher- und Bleihergwerk "Friedriehsa 

le mines at Holzappel, which have been exploited since 17R5. had 1 
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1^^2 wkh opened cootinaoiislv on tbe strike of the rein for a disUi 
I1.4^'l' ft. ( Z.y»'j iL.). In general the oie of the Lahn is a com^ 
zr^LJZi^ of ?ilver-i^»ring galena, blendes^ aderite, barite, caldte and q 
I: is concentrated in the dreseing vorks at Lanienberg, Silbeiti 
Fr>irch5eeg^n. vhich rank among the largest in Germany. The cm 
rece:T€<i at the Silberau vorks aToages 4% Pb, 2-5% Zn and 54 g. 
> r 1«>>.« kz. The galena is concentrated to 36% Fb with 300 g. sil 
n.-rcr.: :•:::. and the blende to 44*5% Zn; the blende does not carry 
Tr.tr I'lts^ in dressing is Sf^ for silvo; 6% for lead and 34% for zinc. 
>.:•?: of •Ir^ssing is about Soc per metric ton of crude ore. 

Tr.e znines at Friedrichssegen produce argentiferous galena, argeni 
cnalcopvrlte. pvrite. blende and siderite, with a quartzose gangue, wl 
cLi5*iid Sy hand soning and gravity concentration. The class of 
:r&:T^ which is a mixture of blende and siderite, and assays abo 
Zn anl 27 ^c Fe, is calcined* and treated magnetically, fielding a 
assaying 57 to 42^ Zn. and at the most 6% Fe, which is sold 
snelters. and an iron ore assavinf 40% Fe and less than 4% Zn ^ 
s-rld :o :r?n smelters (vide Chapter XI). 

L'\-:^Ai\ Prtssia. — Deposits of zinc ore occur at several places in 
IVissia. At Gladhaeh, east of Cologne, they are found in trou| 
'Asins in magnesian limestone of Devonian age^ having the appeal 
hsvin*: --^-n washed in mechanically. Thev are covered bv later d- 
•-•:? o: o!av and sha!e, which contain brown coal. The ore is smit 
r.-::::n:orp:.:ro and galena mixed with shale. The mines of the 
A". ::;::.- •>.- la V:e:!:e Montague at Bensberg, near Gladbaeh, are v 
p-.-ri-n:. Th^ir product is chiefly blende. At Altgliiek a bed of b 
:r.:.r.:r.;-:.": in I^wor IXvonian shales and sandstones. The ore carri 
ca'-.na and has a quartzii^se gangue. With depth the deposit splits 
oJfrv.s^.s. Veins of Monde striking in various directions occur in tl 
d:s:r:o: vi trie Mosolle, in Lower Devonian rocks. At the intersectic 
show onrichxr.onts. Dcp^^sits of blende are also found at Siebenecb 
:ho casri.rn side of the Rhino below Coblentz. 

S.Tj^.'.e,. — T:!o historic mines of Freiberg produce a small quai 
blonde in connection with galena and other minerals, which come f 
remarkable siTics of intersectine veins, seldom more than 2 ft. ii 
but more than P«X^ in number, which traverse gneiss. Mining wa 
there as early as the twelfth century. The blende of Freiberg is of tl 

>M. B^nom. "PDfpftnttloQ Mfoanique defl Na 4. pp. 82 and 91. 
Minerals dans la ^x^ le Ham. et la *The beat attained Is not till 

rn!»e Hbfnaae." Annates des Mines. 1991. desnlphnrlze tbe blende. 






ning variuty and is rt'iiiarkably high in combiowl monfisiilpliidc of iron ; it I 
ili;o argentiferous. The oru raisod from the mines is concentrated in the J 
mnielfalirt works, whicli produce bcsidea galena and other products a I 
c ore (Idcnde) assaying -10% Zn and 30O g. silver per metric ton. Thia I 
nde ie smelted in a department of the Muldnerhiitte, and the residues are 
t to the lead furnaces for recovery of their silver contents. 
7pper Silesi'i. — The zinc deposits of Upper Silesia occur in tlie extreme j 
[theastern corner of the Province, near where the three empires of Ger- 
ny, Bnssia and Aiistria meet. They extend into Russia, hut the greater 
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t of the mineral district lies in Germany. This entire region was for- 
Tly a part of the Kingdom of Poland, and at the present time the popula- 
n in Iwth the Gennan and Austrian divisions is chieily PoUsh. Lead was 
net! there as early as the twelfth century and 7.inc ore in the sixteenth. 
Seologi/. — The lead and zinc deposits occur in the Muschelkalk series of 
! Triassic formation, which rest on the Bundsandstein of the same fornia- 
n, the latter overlying Carboniferous rocks. The coal measures, which 
TV powerful seams of coal, come near the surface a eliort distance soath i 
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of the zinc mining district, forming a conjunction bt'twecn ore !iq|^^| 
liimilar in that which exists in Kansas and Missouri, and preKntii^^| 
basis for the great smelting industry which has been developed. Tlie^^H 
bed of the Muschelkalk seriee is a blue limestone Itnown. as the Solil^^H 
t^tein. whicli forms the lower limit of the ore deposits. Overlying th^^H 
<.'U kill kst fin are dolomites, which carry the ore. |^^| 

The chief mineral district lies between the towns of Scharley, ^^H 
witK, Kamin, Baingow, Antonienhof, Beuthen, Miechowitz and Sta^^^f 
browa. The situation of those places and the trends of the iciineiw^H 
are shown on the accompanying map, from which it will be observed thBnB 
ore occurs in channels or troughs having a general east and west course. I 

The ore is found at two horizons, an upper characterized by galena HM 
oxidized zinc ore and a lower characterizwl I)y hlcnde and marcasite. Til 
latter appears as an extensive bed of dolomite strongly mineralized mM 
blende and marcasite, and to some extent with galena, sometimes sttai™ 
a thickness of 15 m. and lying at depths of 64 to 115 ra. below the EnraM 
It rests sometimes directly on the Sohlenkalkstein and sometimes on a shw 
of dark gray dolomite, known as the Blondedoloniit, 1 to 1-5 m. thick ffhuj 
intervenes between it and the Sohlenkalkstein. The beds of ore are eitcf 
eive and persistent and the formation is so regular that the yohlenkaltrfeii 
is an infallible guide iu exploring for them. They lie nearly flat and the dnl 
has been largely employed in prospecting the country. Overlying the o 
is a bed of brown dolomite, through which the ore rises completely when I 
its thickest. 

The upper or lead horizon lies 13 to 25 m. above the blende. It is S 
tinguished CBpecially by a very persistent sheet of galena ore from 0-05 1 
0-30 m. thick lying between beds of light colored dolomite, high in lint 
This sheet of galena is generally underlain by red calamine in stringBI 
masses and beds, which are sometimes powerful enough to give the depo^ 
an aggregate thickness of 2 m. The upper deposit is above the water In! 
of the district and has been subject to oxidation and secondary mineraliil 
tion ; the lower is below the water level and generally presents unoltere 
sulphide ore, the only exception being at the edges of the troughs or basin 
where the two horizons frequently unite ; at such places ore bodies of giC 
thickness are apt to be found. 

Deposits of calamine in the form of nests and stock-works, pipes U 
sheets are also found in the dolomite, sometimes lying in or between bedel 
residual clay. There is no regularity in the deposits of this class, ai 
being scattered through the entire dolomite formation of the Muschellcall 
prospecting for them is more difficult thmi for the regularly lying be< 
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tijte) of blende. Theee deposits of calamine, wliicli werp tlit first to be 
rk€d in the district, are now approaching eshaustion. The deposits of 
ode in the Beuthen-Scharley basin, to which attention was (iret directed 
the decade ISeO-lSYO, are so extensive, however, that it must be a long 

before they are worked out. 
ikds of Ore. — The calamine of Upper Silenia is chiefly smitbsonite; to a 
lertent hemimorphite, which mineral is rather characteristic of the lower 
ek Near the Sohlenkalksteln the ore is generally white calamine 
lefly silicate) ; higher in the dolomite it is red calamine (chiefly emith- 
ite). Sometimes both kinds oceur in the same deposit, as in the Elisa- 
imtne, where the ore body showed white calamine on the foot wall of 
ilenkalkstein and red calamine against the hanging wall of dolomite, 
e red calamine is rather ferruginous and frequently cadmium bearing. 
blende of the great bed is of cryptocrystalline character and dark brown 
dack in color. It is apt to contain both cadmium and arsenic. Mar- 
te is generally associated with it, especially in the upper parts of the 
Osit, and sometimes nest to the Sohlenkalkstcin, Pyrite is rather rare, 
;galena is of frequent occurrence, appearing in the blende deposit in the 

of stringers, seams and irregidar bunches. 
Sie zinc ore of Upper Sileeia, especially the calamine, is of low grade, 
ather it should he said the smelting and other conditions permit it to be 
m to the reduction works in the form of low grade ore. A part of the 
pduct of the mines is dressed, certain of the works being highly efficient 
|keB of modern design; a large part is shipped as hand-sorted lump ore. 
Bamine as low in grade as 8% Zn is marketable, but ore of lower tenor 
tet be dressed. The rich white calamine in lumps assays 43 to 45% Zn; 
i calamine 28 to 35% Zn. Concentrated calamine assays about 29 to 
te Zn. The crude sulphide ore which goes to the dressing works assays 
tfat 10% Zn. At the Neuhof mill ore assaying 10 to W/o Zn ie concen- 
ited in the ratio 5:1, yielding a product assaying Ii3% Zn (showing a 
foig of 66%). At the Neue Helene blende-mill (a highly elaborated 
jttit) the blende concentrate assays 37 to 40% Zn. An average for the 
Ijtrict is perhaps in the neighborhood of 33 to 35%. The purest blende ore 
itump form assays 55 to 60% Zn; the average is 40 to 45% Zn. Blende 
'low as 18% Zn is marketable, Kearly all the Silesian zinc ore contains 
me lead, the best blende concentrates having about 1%, other grades 2% 
i"anore. (As in the Jophn district a considerable part of the lead in the 
[e ore is separated as a galena concentrate, assaying 70% Ph). Con-M 
ited blende from the N"eue TTelene mill, in 1893, had the follow: 
ion: 41-23% Zn; 2-45% Pb; 5-35% Te; -1-94 A1,0,; 
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13-«S% CO,; 0-3356 SO,; 8(MG% S: 3-5i% MgO; ii-65% CaO; toul! 
100-29%. t'ot«;i-ntr»t«l ralaniioi- rrom the mhic mill aBsayed: 21-ii% 
Zn: 5-35% S; *-23% SO,: 6-62% CaO; 23-02% CO.; 37-46% undeta- 
miDrd (oxjgvn. silim. alumina, iron, magnesia, etc.). OtIuT iinalvscs ot 
Siksian zinc otee an- given in Iho followinfi tables, which are compiled froo 
data in Vfrdichtmiff drr MeiaJldampff in Ziui-hutlen, by Doctor VidaP 
Steger. and Am Cadmivm. sein Torirommt-n. seine DnrsteUung uni Vgr- 
wendung, by Kdmnnd Jcnscli. 

Besides tbf zinc on* proper the iron ore of Tpper Silesia frequently con- 
tains zinc, some of which it; recovered in the scaffolds and dust from the blast 
fiimaw* and is j^ld to the zinc smelters: some analyses of thoso product) 
are given herewith, together with those of the iron ores from which ihcr 
are obtained. 

T\w footnottv to which the refiTence letters in these tables pertain will be 
found on p. 219. 

ANALYSES OF CALAMINE. 


1 

1 

1 
1 

1 

1 


So. 


.„ 


Vwiety 


ZoO 
% 


'•€• 


% 


T 


SiOi 


■§• 


r 


B.f. 




"1 


New HelBH 


Bed 
Whim 


Ifi'M 
II-K 


13 08 

15 79 

S 77 
5 80 


fl 


e;79 


11 




829 
t?2 




■ 


J 




No. 


Mine 


Variety 


r- 


T 


T 


^ 


WiT 


Btf- 






NeueHdn 
Kul Gust 




Bed 

White 
" 












11 


1 






























itr. 


,',:?S 


•'« 


o;68 


2--1& 




















„,.. 


v„i.,,. 


,^„ 


% 


's,o,'% 


% 


S 


U 






White 


KJBU 




'1 

1 -22 

1 'Be 


4 OO 


il 

0;3a 
U'72 


18 SO 

li 

2B'G0 

11 

S-65 
31S 

0*86 




^ ^ 





OCCLItllENCES OK ZINC OUK iN KLKOl'i:, AFlillU ANU ALSTItALlA. ^IV 


AfJALtSBS or BLBNDK. 










K. 


s 




"«"■ 






Tttaa 
















% 





























































































ufHhluu- 


■fSiISS:::.:. 

Sohlieebbleode. 
Erdblende . 


SIS 

29 SO 

SS8 


1 84 


11 

13 95 


37 U 

28 42 












ANALYtJBS OK IIION UKt;, 




M... 


'f 


T 


r 


r 


r 


T 


'«'■ 


St' 


IOK.1. 


ToUl 
% 




1-60 


2 (15 


I w 


3 27 


0-43 


n n 


2S 






























































MtDben 
















»8 6*3 


BV-PKODUCTS FROM SMBl-TING IRON ORE OK THE ABOVE CHAHACrKU. 
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fining Conditions. — In considering the mining conditions in Upper 


leeia it is necessary to remark that the more part of the mineral rights , 
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"capilaliBts wlm own and opt-rate tliu smelting works. 'I'lu' portion 
Ori; production lunde by otlier individuals is relatively small. The 
and work^ can tiius bt- operated on a syBtematic policy to secuie t 
rcijult and tlieru aro fiw conflicting interests. The mining is conductfd ft' 

extensive ucale, wJlli lurgi; and permanent works. In 1803 I visit^i 
Neue Helfue mine {opened in I816, since which time it has been oneot 
largest producers of the district) and entered it through a circular, brict- 
linod Bhaft, about 4 ni, in diameter and 103 m. deep, from the bottom A 
wlilch led off a main working gallery, 3 m. wide, 3 in. high and 1,000 m, 
joorc or less, in length, with brick walls the entire distance and roof ol 
heavy plank resting on iron beams — a rather magnificent outlay, but me 
that indicated confidence in the permanence of the ore body. 

Westphalia. — The chief deposits of zinc ore in Westphalia exist at Is»- 
lohn and Brilon. At Iserlohn calamine and blende are found in iiregnlff 
Jackets, Eonietimee connected, at the contact between Eifol linicBtone anil 
the underlying Lenne shale, Iwth of Devonian age; also in crevices whidi 
traverse the limestone in a network. The ore occurs with residual claj» 
and sands and has some galena intermixed. The deposits at Brilon are of 
Bimilar character, but much of the ore is found in irregular crevices in the 
limestone and ia associateil with pyrite. 

Gkeat BitiTAiN : England. — Zinc ore is found in connection with lead ore 
in the North of England, counties of Northumberland, Ciiniherland, Wcsl- 
morcland, Durham and Yorkshire, in which region the formation is made up 
of thick beils of limestone of Lower Carboniferous age, alternating wifli 
sandstones and shales. The ores are associated chiefly with the limestone, 
which are traversed by a great nimiber of veins striking in various direc- 
tions. The so-called "rako veins" running diagonally across the strata ars 
the most productive. They have a zig-zag cross-section, somewhat like tJint 
of a flight of steps, dipping nearly vertically (pitches) and stretching oil 
horizontally ahing the strata (flatp), then dipping vertically again, and sn 
on. The flats are often particidarly rich. The veins are usually 1 to 4 ft. 
thick, but Bomctimes attain 17 ft. Pipe veins are also koo«-n. The zinc 
ore of this region h blende. The mines at Nonthead in Cumberland are 
now being exploited on a large scale by the SociStfi Anonyme de la Vieilk' 
Montagne, wliich acquired them a few years ago. 

Zinc ore is also produced in Cornwall, the principal mines being north 
of Truro in the western part of the County, and near Liskeard in the east- 
em part where veins mineralized with blende and galena traverse Devonian 
clav slates. Tn the Tsle of Man lodes intersecting Cambro-Silurian 
and crits nnd fiOd^piitl"'c roeks nITnrd blende and galena. The Foxdi 
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has been worked for a distance of four niiloe on its strike nnd hais been 
found to attain a thickness as groat as 40 ft. The Foxilalc mine, which is 
situated at Fosdale, belongs to the Isle of Man Mining Co.; the Qrcat 
Laxcy mine at Laxey Olen is operated b\ the Grcflt Ijixfv Mining Co. 

Wales. — Zinc ore ie mined at several plaees in Wales, but the most im- 
portant producers are situated in Flintshire and Denbighshire, where the 
country roek is Lower Carboniferous limestone overlain by the Millstone 
Grit and the Coal Measures. The geological structure and ore deposits are 
both similar to those of the Nortii of England, whence the limestone beds 
ilip westward imder the Coal Measures, Permian and New Red Sandstone, 
rising again in Flintshire and Denbighshire. The formation is traversed by 
|iarallel lodes, which arc mineralized in the grit and limt^stone and are 
luirren in the Coal Measures, where they are represented only by a fault 
Tissure. The ore deposits occur normally as crevice-filling veins, but in the 
limesone they occur also as pipes and in caverns, and as flats, which form 
iit the contact of the limestone and sandstone. The ore is blende, associated 
with galena, occurring largely with a clay gangue. The mineral zone runs 
from Llangollen on the south to Flint, Holywell and Prestatyn on tlie north. 
The Minera and Xew Minora at Wrexham and the Hnlkyn at Holywell are 
the principal producing mines. 

In Montgomeryshire lodes cutting a strongly folded formation of Cam- 
lirian- Silurian beds, comprising slates, shales and sandstones, are worked. 
The ore is blende and galena occurring in pipes and lenses in tlie vein fill- 
ing. In the most important mining district, the Van district, the lode is 13 
to 80 ft. wide, filled with country rock and clay and traversed by seams of 
ftalcite, barite and quartz, the metalliferous minerals occurring in bunches 
connected by stringers. In Cardigansliire there arc similar deposits; also 
ia the English County of Salop (Shropshire), which adjoins Montgomery- 
shire on the east, the most important mines being at Min.sterley. 

Gbeece. — The large production of zinc ore in this Kingdom is derived 
chiefly from the ancient mines at Laurium, which arc thought to have been 
worked for lead and silver as early as 1200 B. C, and are known certainly 
to have been worked on a large scale as early as 600 B. C. The magnitude 
of the ancient workings is testified by the statement of M. AndrS Cordelia, 
director-general of the Society des Usines du Laurium, that in 1892 his com- 
pany had 105,000,000 metric tons of refuse ore, assaying 4 to 8% Pb and 
1,000 to 1..^00 g. of silver per ton of lead, left by the former miners, while 
there was about S.500,000 tons of old slag containing 10-5% Pb. which did 
nfit represent the entire production, however, inasimieh as large quantities 
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Tbe inciait Greek had no nee for xinc ore find those depof^its remaine;! 
nntoocbed until the Froich companies undertook operation?. It has be«n 
the Conipagnic Fran^aise dee Mines dii Lauriiim whieli has concerned itself 
especially in zinc mining. The ores got at first were high grade, assajing 
60% Zn after calcination (smithsoniti? is referred to) and of excellent qual- 
ity. Ihiring the decade 1890-1900. however, most of the high grade ore 
appeared to have been won. while the grade of the smithsonite produced ran 
down to about 40% Zn after calcination, and it was much more ferruginouf 
in character. In 1S98 new ore bodies were opened and production increased 
again. From 1875 to the .'nd of 18!1.1 T,mrium exported 555,000 metric 
tons of calcined calamine. The production since 1893 is given in Chapter IV. 

Elsewhere in Greece there is a small produetion of zinc ore from the iBland 

' A. Cordelia. Tbe Mining ana Metallurgi- 
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Italy .^Tiie zinc mines of thie Kingdom, which are at present the meet 
productive in Europe after tho«e of Genoaoy. an? situated eliiefly in Sar- 
ilinia. Lees important mines are worked in Lombards, Piodmont and 
Tuscany. 

Sardinia. — Tlie richest mines in Sardinia arc situated in the Tgleeias dis- 
trict in the southwestern comer of Uii^ i^land. where both lead ore and zinc 
uru are found. Mining was carried on there by the Romans and likely by 
llie Carthaginians and Phoenicians before them. The mines surround 
Iglesias to the south and west anil extend about 15 miles to the north. The 
country is composed of a central mass of granite surrounded by Silurian 
schists and graywaekes, Cambrian grits, quartzites and schists and a "metal- 
liferous" limestone or dolomite, which is probably of Silurian age. De- 
posits of ore occur in all of those rocks, but chiefly along the contacts of the 
limestones and schists; they are foimd also in crevices in the limesione 
and along the contacts between two different limestones. The lead ore 
and zinc ore are intimately associated, but the proportion of blende increases 
with depth. r-.arge deposits of smithsonite and hemimorphite are found 
near the surface. 

The Mal/idano mines, situated about eight miles northwest of Iglesias, 
arc among the largest producers of zinc ore. Calamine is found there inter- 
stratified with limestone and sometimes in alternating bods. The ore carries 
a small quantity of lead. As sent to the dressing works it assays about 
1 5% Zn. It is concentrated in the ratio 4-5 :1 , yielding a product which assays 
about 35% Zn. (a saving of about 53% of the zinc in the crude ore). Lump 
ore is also produced. All the ore is calcined at the mines before shipment. 
The average of 25,000 tons exported to Antwerp, shout 1892-1893, was 
54-40% Zn: G-00% Pb; 13-75% 0; C-80% Fe.Oj+AlA; 6.60% 
CaO+MgO; 9-40% SiO,; 2-80% H^O+CO,; total 9'o-75%. The mines 
are operated by the Soci4t4 des Mines de Malfidano, which since 1894 has 
had smelting works of its own in France. 

At Caitae, near Malfidano, calamine occurs in conical or columnar bodies 
in limestone on either side of a great zone of brecciation, 100 ft. wide, 
which traverses the country rock ; with depth, blende and some galena are 
found. 

The Motitfpotii mines, about one mile southwest of Iglesias. are the oldest 
in the district, having been worked successively by the Carthaginians, 
Romans and Spaniards. They produce both lead and zinc ores, which ■ 
ill 'icpnrnte deposits and at different horizons. The zinc ore oee 
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■uitar^ of fmithMiaite, bemimorjrfiite, Uende «nJ galena, with a 
»dente,fd*I<par and chalk. It vieMed ahoot 13% of coraeentnte. 
Tk« Momtfrecckio mine, iriiich is expltnted dudy tor lead, is 
a huge lode, vhicfa traTenes Sflorian schist almost pantUel to the contMti 
the schist against the granite^ The lode has been traced nearly gk 
aloog iu outcrop and is 7S to 100 ft thick. The ore which is galena, 
with blende, pnite, cfaalcoprnt^ siderite, barite and quartz, occurs at 
akng the ha n gin g and foot-walls and also as lenses in the interior of te 
filling of the lode. The proportimi of blende increases with depth. 

Other MiHo. — The San GioTanni mines, two miles southwest of Igtemt, 
have inegnlar lodes, standing nearly vertical, in limestone, which conta 
argentiferous galena in a gangne of qoartz, barite, limestone* and clay i^ 
some blende in columnar masses or zones. The Malagalzetta mines, t fn 
miles north of Iglcsias have shallow pockets of zinc ore in limestone, nest 
the surface. At \ebida, five miles west of Igleeias, there are great chimnen 
of calamine, gometimes as much as 60 ft. in diameter and extending to 
depths of 600 ft., in limestone. Veins of galena and calamine are b1» 
worked, the wall rock being much mineralized by the zinc ore, 

Compoailion of Sardinian Ore. — The following analyses of calcioed 
calamine show approximately the composition of the ore at present exported 
from Sardinia.* 
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iocfi*];[iExcEa OF zinc ore in ei'kope, akhtca and aosthalia. 

■c DcjiosUk of the Italian Mainlaud. — Tlie Tenda mint in the Turin 
t of Piedmont has galena, with which bicndp and pjTite are associated. 
fipgentiera, near Aurongo, in Lombardy, zinc ore is found in irregular 
sits in Lower Triassic shales and dolomites. At Bottino, in Tuscany, 
ende occurs with argentiferous galena, stibnite, pyrite and siderite in 
lartzose lodes in Paleozoic scliists. The English Crown Spelter Co, oper- 
es the Costageis, Gremme and other mines in the Valle Seriana, district of i 
ilan. Province of Bergamo, whence it olrtains about 5,000 tons per annum 
calamine asBajing i4% Zn. 

The zinc deposits of Italy, aside from thostr of Sardinia, are of consider- 
ile importance. Besides the ore which is exported to Wak's, the smoltera 
' other countries receive a good deal therefrom. Thus, the Belgian smelters . 
I 1898 imported 59,118 metric tons of ore from Sardinia, and 12,073 tons ■ 
om elsewhere in Italy. 
Russia. — Little has been pubHshed as to the zinc resources of Russia, ] 
hich it may be inferred have not yet been thoroughly explored. Only 1 
le deposits of the Caucasus and Poland have been described, and of | 
lose only the PoHsh have been exploited, the Caucasus being still too 
?mote from smelting works. 

Caucasus. — Various discoveries of nine ore have been reported from this 
jgion, especially in the vicinity of Alagir, about 50 versts from the 
Pladikawkas railway, where a Belgian company has operated. The occur- 
ence of blende near the Tschorok river, between Artwin and Bortsehka, in 
le Kutai's Oovcmment, has been mentioned, and in connection with galena 
t Petrowsk. Near Tschiatury. in the Kutais Government, blende assaying 
t-S2% Zn, has been found." 

Poland. — The zinc mines of this Kingdom have been opened on deposits 
"hich are an extension of those of Upper Silesia (q. v.), and are probably 
imilar to them in most respects. Their exploitation has been confined so' 
ar to near the surface and has been done mostly by open pits. In appear- 
nce the ores are identical with Silesian. The principal mining is near 
UkuEz and Boleslaw, where a great deal of lead ore is said to have been 
:ot as early as the fifteenth century. The Boleslaw mines are owned by 
he Sosnowice Company; those near Olkusz belong to the Crown, and are 
worked by lessees. As mined at present, the Polish zinc ore is of lower 
:rade than the Silesian (which is largely, if not wholly, due to the facts 
bat but little blende is mined and the calamine is less extensively dressed 
>y washing). There are two zinc smelters in Poland, namely the Sosnowice 
npany. which own.= the Paiilinn workfs and Dorwis. Pomeranzow & 
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^..r-n ^ar-. iKir -.i»r l*rr^ JLul? lf!iiiiiuiB&. They occur in Tcnij 
•^^■:^ > TXiuir. •^■n.A^ 131 : Ti»-^.:n*vg^ iQ more or less argiUaceoi 
:^3f. iii«i'--* rii* "Ttt-s jr'--:i .ud Uoide Mow it. the gangoe 
•ri - iiiKni-r -rrcii Turrr-t inji aiimte. Galeu is apt to be 

-.: -.:e lu-aiit?^ Ai SLdTofr xisfS^ is a schist breccia with 

'ji V-»- fnj3Lr!itr. Ii z'zk E^r^aT^zi^iit: of Constaiitiiie, in the mA] 



'^sT-n, :• inirr ;: JL-;£Frr-.ii- ire ±ir HiT-^an Xlaili and Ain Arko 
v:Lj!r. LT- '.zz'j lt-: -.7 tIi»T S:«r.r«:c A:ii:nT=:e de la Vieille Montagne. Tta] 
".•lei j£:2l: 21-Zk iz. "±t7 I^rrarsi^sir of t^ran yields both zinc and W 
■r^L Vr'F rirpjinr-ics ::r 2i=»! ir^r T^re :indertaken in 1896 in theDjAd 
Zr:_£if. ■. icLZii^r ir M:rr4:T:r- "vz-Kr^z zlkt^ are promising outcrops of cat 
^ z*z LZ'i rilr^Li- !:•:<: fir fr:!!: ihe Youks and Morsott stations of thi 
Z-!z.T-'r--Liii Lz.»T :f ri.lxij friin Soukarras to Tebessa. 

Ztz'Iz. — T.'^ 'jikiiziiz.*z C'cjuOfSXs are worked under concessions in ttof 
\ :.:z.~. 1-. •I'T'Li":'^: lz. :1^ nonh^rm part-* 

1- Ziz^'iT- iz.: T: -: !:•::• ac-oct 3»> km. from Beja, on the road from] 
Sr;i :: :lr yn :: Tai-arkaj. which at present is only finished from Bejato| 
"JL- Li-r-r- Tn-r :r-= •:o::ir* :n an irregular stock-work. The mine is worked 1 
:i*ri.-:-i.?':- Tl-r -".r-f: :? s^irtdl into lump and fines, the former being calcined 
iz. kilr.* wiih charc:^'.. The calcined calamine is freighted by mule ot 
cam-^l :o Beja, and thenc-e to Tunis. From Tunis the ore goes to Antwerp. 
Thtr pro»IuCtion is between 3,000 and 4.000 tons per annum. 

2. The Sid i- Ahmet concession, belonging to Compagnie Royale As- 
torienne des Mines, lies north of the Sidi- Ahmet Mountains, about 40 km 
from Beja. It contains at least three deposits, of which the first yieldec 
about 35,000 tons of good calamine previous to 1896. The ore is hand 
sorted and calcined in kilns. The annual production is about 3,500 ton 
of calcined ore. 

3. Fedj-el-Adoum lies 20 km. southwest of Tebursuk, in the highest par 
of the Jouaouda Mountains, which rise to an elevation of 907 m. Ther 
are three groups of deposits, of which only one is exploited. This is ver 
extensive; in 1896 about 50,000 tons of ore was estimated to be in sighl 
The ore is calcined, after hand-sorting, and is shipped via Tebursuk. 

» E. de Fagee, GlUckauf. March 27, 1897. p. 245. 
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4. Zaghouan lies about GO km, south o£ Tunis, near the village of Zag- 
man. There are two important depofiits; in 1897 about 40,000 tons of 
sbonatc ore, averaging 40% Zn, had been proved. Zinc silicate appears 
^ke frequently here than in the other localities. The mines are connected 
Hi mule-path and a 15-km. tramway with the railway betwwn Tunis and 
l^houan. Tliere are three eliaft furnaces and one reverberatory at the 
lines for calcining the ore. The annual production is 5,000 tons of cal- 
ined ore. 

5. El Akhouat lies about 32 km. southwest of Tebursuk, The ore is 
txricd in two-wheel carts to Madjez-el-Bab, and thence by rail to Tunis. 
tis concession was only granted in 1896, and its production has not yet 
ecome important.. h 

Zinc Ore Deposits of Adstkalia, Tassiasia and New Caledonia. ^ 

lUBTRALIA. — The production of zinc ore in Australia is confined to the 
ken Hill district of New South Wales, where it is made by the mechanical 
tration of the bleniie of the mixed sulphide ore which exists there in vast 
ntity. The ore deposits of Broken Hill occur in an immense lode in 
mitive, cryetallioe schists, which cuts the country rock at a slight angle 
hs dip, but agrees with it in strike. The schist is for the most part fine 
Vned, but is sometimes gneissose in character and at other times is silici- 
to a quartzite; garnetiferous sandstone also occurs. The lode has a 
lent cap of iron ore at the surface, which further down passes into 
ruginous quartz, silver bearing kaolin and oxidized silver-lead ore, and 
iw the water level changes to galena and blende. Included portions of 
country rock are common in the lode and at one point it is split by the 
ist, which has led to the suggestion that the lode is a "saddle reef." 
thickness of the ore body averages about 60 ft., but in some places it 
leen found 100 ft. 

The sulphide ore, which is the only source of zinc in these mines, is a 
zture of galena and blende, which are so intimately commingled that 
tinct minerals are difficultly detected by the unaided eye. It assays 10 to 
02. silver per metric ton, 15 to 20% Pb and 30 to 35% Zn. The gangue 
Derals are garnet, rhodonite, quartz and feldspar, the garnet being espe- 
lly a constituent of the friable ore, which constitutes about 20 to 30% 
the whole production. The percentage of iron in the ore is not very 
fh; part of it exiets as sulphide, the remainder as a constituent of the 
igue minerals, the same being true of the manganese. Ashcroft gives 
e following analysis as representative of the available ore: 20% Pb, 20% 
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laiiwliiii. T.Ttn I nil iif liiM mimiIibIi 41.1?3tcnE of middlings, 16,' 
IMS of riiaa iii4 190.TSC Um of t«ltiig& The re^rery of lead in I 
raanntntea wa> 7IV3^ and nf sflreT abtnit i5%. the total contents of I 
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At the Cockle Crecfc Bmelting woits there were smelted 31.305 tons U 
lead coocentnito. 2.73? tons of Ashcroft readnes, GT tons of drv ore f 
the Central mine, 1.413 tons of pnrehasird ore?, and 1,041 tons of matte 
flue dnrt, a total of 36,'>SS tons, which yielded 18.5ft() Ions of silver-loi, 
ronUininf; 94G.Ho5 ox. of .lilver and 1.T87 oz. of gold : and matte containini 
Pi6 Ions of Ufld and !>1.140 oz. of silver. The total quantity of silver pw. 
iturcd was 1.037.99.'j oz. Tlie approximate averages were 50-5% Ph, 384, 
(«. silwr and 0-05 oz. gold per ton of ore smelted. The total profit, hefm 
)tv«liirt>ng interi'st on the honds, depreciation, etc.. was £131,318. 
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Few Caledonia. — At least one large deposit of zinc-lead sulphide o« 

own in the northern end of this island, where it occurs in a schistose 

ition. The deposit is said to be of rather large dimensions. The 

r portion has become thoroughly oxidiKod, losing at the same time much 

zinc contents and hccnming an ore of a class suitable for lead smelting. 

id smelting plant was erected oa the seashore a few miles away to 

this ore, but has been abandoned ; not, however, for lack of ore, there 

; a good deal of carbonate ore still in sight, it is aaid, independent of 

may jet be uncovered. The tenor of the ore in silver is low, being 

O 25 oz. per tou. Beneath the oxidized ore occur the undecompoBed 

-zinc sulphides, which in appearance resemble those of the Broken Hill 

net in New South Wales. 

'asmania. — A large deposit of mixed sulphide ore has been opened in 
Boseberry mine, belonging to the Tasmaniau Copper Co., on the western 
of Mt. Black in the County of Montague in the West Coast district of 
ia, about 12 miles northeast of Zechan and 18 miles north of the 
Lyell copper mines. Eoseberrj is distant from the port of Burnie, on 
a Bay, 72 miles by the line of the Emu Bay Railway Co. The country 
in the vicinity of Eosebery is micaceous schist, with interstratified 
B of limestone, slate, sandstone and quartzite and frequent intrusions of 
;e. There are numerous large and well defined mineralized lodes, 
eh usually cut across the strike of the stratified rocks. 
lie Koeebery lode ia apparently a fissure vein, which has an average dip 
about 60°, and has been traced on the surface for upward of 3,000 ft. 
width where opened underground is from 1.5 to 41 ft., averaging about 
ft. The ore is a solid body of sulphide, chiefly a laminated mass of 
ite and blende, in which there occur irregularly hands of an intimate 
ture of blende and galena (about three parts blende to one of galena), 
also Iwinds of comparatively clean pyrite. Throughout the whole deposit 
■e is a small quantity of chalcopyrite. with occasional small veins and 
ikcts of ore of good grade in copper. At the end of 1899 the Taamanian 
pper Co. estimated that there was upward of 400,000 tons (of 2,340 lb.) 
icked out and probably a great deal more in the mine. The average 
ide of the ore was computed to be 0-155 oz. gold and 8-625 oz. silver per 
U 0-77% Cu, 25% Zn and 4-73% Pb, and about 20% Fe, the remainder 
log sulphur corresponding to the above metals, and the gangue of silica 
i alumina, chiefly the former. The cost of mining was estimated at 13s. 
t 2,240 lb., the rate of wages in the district being 9s. per eight hours. 
H] costs 20s. per ton, plus an import duty of 4s. and coke 44@46e., both 
supplies being obtained from \ew South Wales. 



MECHANICAL COyCEN-TRATION OF ZIXC ORES. ] 

The Belgiut ind Bbeni^h methods of zinc niniiiiig. which t 
geBenUj in ase outside of Upper Stkfit, require, or at all eve 
most estiefatrtor}- nxultd, with a comparatjvi^tr high grade 01 
that contains at least 40% Zn, after calcination or roaming, and 
more. A roasted blende which as^js 50% Zn must have contained 
Zn before roasting if 10% in weight were lost in that operation, i 
calcined calamine (zinc carbonate) of the ^nie tenor would have had 37- 
Zn before calcination if the loss in weight had been 25%. A eulphide 
aeeaying 45% Zn contains 67% blende, even if the latter bears no ieoi 
phous iron or cadmium sulphide. There are few btondee wliieh are qnitfi 
from iron monop'Ulphide chemically or mineralogieally combined with 
zinc, and the foregoing calculation shows the rather liigh degree of pnrit 
that is poeeeseed by a raw sulphide ore assaying only 45% Zn. Enropes 
zinc smelters do not require this grade to be exceeded, but in the Joplil 
district of the United States it hae become the custom to produce blen4 
concentrates assaying 60% Zn. These contain a little galena and pjrit* 
and some raonosulphldes of iron and cadmium, so that it may be assninw 
that an aesay of 60% Zn indicates a tenor of at least 9?% of "mineral," tbt 
remainder being chiefly silica. It is obTious that so high a degree of coe 
centration cannot be effected mechanically without extraordinary loesca m 
the tailings except in the case of favorable kinds oE ore. 

Objects and Limitations of Concentration-^-Thc mechanical concentn- 
tion or dressing of zinc ores is done practically by manual selection, tij 
gravity separation and by magnetic separation, two or all three of these 
systems often being combined. In concentrating zinc ores it has to be 
kept in view not only to enrich the ore by removal of the gangue, which is 
composed usually of light minerals, but also to separate the heavy minera)* 
which may be injurious in the smelting process. For example, all of (lie 
lead, iron and manganese minerals arc particularly objectionable and oa^t 
to be eliminated as completely as can be done economically. Even when this 



le blende ore is apt to contain a large percentage of iron on account of 
Ipliide, FeS. combined isomorphously with the zinc sulphide; thus 
ig, black blende of Freiberg, Saxony, sometimce contains as much 
Fe ; a specinicn of similar appearance from Mexico analyzed by ine 
.0% Fe, Cadmium sulphide also occurs isoinorphous with zino 
le, especially in the case of reddish blendes, and similarly the carbon- 
iron and cadmium are associated ismorphously with zinc carbonate, 
sian ores almost invariably containing frtmi 01 to 0-2% Cd. 
dressing of ordinary zinc ores, which arc apt to lie mbtturua of blendo 
lena, with such gangue minerals as quartz and calcite, or calamine 
lar gangue, does not offer osi>eoial difficulty, owing to the great 
!e in the specific gravities of the component minerals. The prcsoneo 
te, marcasite, barite, or siderite complicates matters because those 
lIs are of about the same specific gravity as blende, smithsonitc, hydro- 
and hemimorphite, and in this case magnetic separation is likely to 
ry as an accessory process. The complex silver-bearing, zinc-lead 
le ores, liki.' those of the Hammelsberg in the Ijowcr Harz (Ger- 
), Kokomo and Ix-adville, Colo., Broken Hill, N. S. W., and else- 
raere, cannot be soparated, either by gravity or by magnetism, so as to 
ffoiiHce u first class eiiic ore, although recent progreBs iu the art of ofb 
Iressing, especially the introduction of the improved shaking tables, has 
Babied a marketable zinc product to be olrtained from the Lcadvillo ore. 
f&gnetic separation has been applied with more or less success at Broken 
till for the separation of the mixed sulphide ore which is mined there ; and 
itli quite satisfactory results in connection with the mixed ore of T-ead- 
ille, Colo. With calamine ores gravity separation is frequently rendered 
ifiBcult by their earthy or drusy character, which prevents bo successful a 
!moval of impurities of nearlv the same specific gravity as in the case of 
e denser and crystalline blendes. 

In general the mechanical concentration of zinc ore does not differ in 
rineiple from the practice with lead and copper ores and with respect to 
le subject reference should be made to the special treatises upon it. Tlie 
ope of this work permits only general suggestions and detailed accounts of 
few special processes, except that the subject of hand sorting, because of its 
flportance and the scant attention that is usually given it, is treated rather 
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Manual Selection or Hand Soiitinq. 



When the mineral is coarsely mixed with the gangue it 
parate it to a considerable extent by means of hand sorting. 
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is generally practised lo a cortaiu degree as a part of the niining of the ort, 
in which hi^ grade ore may soraetiniee l>e broken out of the lode separate!); 
sometimes piecea of worthlesB waste can be picked out of mixed ore and l«ft 
tmderground to fill old etopes, etc. As to whether the hand sorting protui- 
(^hall be carried further on the surface depends on the local condition.-, 
especially the losses fspcrienccd in mechanical dressing, the cost of dresBiiig 
and the cost of sorting, of which the loss in dreesing is likely to be the moffl 
important consideration. If pure mineral be broken, a portion of it iriil 
be converted into fines (the percentage depending upon the brittleaees of 
the mineral, the size to which it is broken, and the method of breaking) and 
in washing with water a good deal of such fines will escape settling, no nwt- 
ter how perfect and painstaking be ttic process of setthng. It is therefoct 
an axiom in mechanical dressing to avoid breaking the minfral any finer 
than necessary, and avoid breaking it at all if that be economical. Thest 
conditions are met most completely by the process of hand sorting, wherein 
two classes of ore will usually be made : I, clean mineral, perhaps divided 
into (fl) blende and (6) galena; and II, mixed mineral and gangue, which 
is sent to the dressing works. If the cost of dressing be high it is some- 
times ecoDomical to sort out a third class, III, clean gangue, or waste, 
thereby saving the expense of crushing and washing worthless material ind 
increasing the capacity of the mill. Under other conditions it may be 
cheaper to let the waste go through the mill. This can be determined caJj 
by a study of the conditions in each particular case. It may be remarked, 
however, tliat the merits of hand sorting are seldom given in America the 
consideration which they deserve, and where practised the system is rareij 
designed to secure the best results. 

Methods of Bbeakino the Obe. — Hand sorting of ore inTolyee usuaUv 
two processes: I, breaking; II, selection. The breaking is done mechan- 
ically by jaw crushers or manually with the aid of hammers. The fonutr 
method is the cheaper, but it produces the more fines; while breaking witli 
liammers is not excessively costly if properly done, and if the ore must nol 
be broken to a very small size. The size to which the ore must be broken 
depends obviously on what is required to free the pieces of pure mineral 
for the maximum ; and what can be picked over economically for the mini- 
mum ; the choice between the two extremes will depend naturally upon the 
grade which it is desirable to obtain for the sorted mineral. 

Proportion of Fines Made. — With respect to the relative efficiency of 
machine-breaking and hand-breaking in so far as the proportion of fines 
made is concerned, in default of figures relating specifically to zioc ore, I iib 
compelled to quote the results of a test on a copper ore by Doctor E. & 
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320 tons, after the 
liad been removed 
^Bsing over a acreen of three meshes to the linear inch, the apertures of 
Q being 6X(i mm. One half (1,110 tone) was broken by means of a 
. jaw crusher, with corrugated plates (which produce decidedly 
I fines than smooth plates) run at 240 r, p. m., with a discharge opening of 
} in. ; the other half was broken by experienced men, with proper ham- 
in, into pieces of a similar maximum size — i.e., 2'5 in. The products wtro 
I separately over a 3-me6h screen (6X6 mm.) and the fines wt-re 
The results were as follows : 
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t of Breaking. — With respect to the relative cost of machine-breaking 

hand-breaking the advantage is decidedly in favor of the former. With 

crusher capable of breaking 200 tons of ore per 10 hours and elevator 

screen of corresponding capacity the cost will be from 7 to lOc' per 

(varying according to the wages for labor) including power, labor, 

jpairs and renewals, and amortization of plant, if the plant be run at its 

n. capacity. The cost of spalling 100 tons per 10 hours is computed by 

bera substantially as follows : One foreman, $3-50 per day ; 14 men break- 

[ ore, including screening and loading, @$l-50 per day, $21-00 ; four men 

iilging and loading, @$l-50, $G-00; five hammer handles, @30r., $1-50; 

Q. rteel, @15c., $1-05; labor of smith in making hammers, one third day, 

PS-OO, $1-00; screens, forks and shovels, $1-67; general repairs, $0-55; 

ftl, $35-27 (=$0-3548 per ton), of which $29-50 is for labor and $5-77 

[ material. 

Bpallitiq. — Such an economical hand-spalling is possible only when the 
<A is properly conducted. Attempts to sort ore with one set of men, who 
b both the breaking and sorting, are likely to be failures, because of the 
(rtliness of the process. The breaking should be done by one gang and the 
ig by another. The breaiers, or spallers, should stand up to the work, 



'2iUi tuoavcnos axu FiiovutTaa of zisc . 

nut try tu du it sitting. Peters gives the fol}owiiig directions fur Aat{ 
in spalltDj;, wliich are expressed so well that Z caimoi do better tlian qiulii 
his owu words,' with wliich my owa experieooe ha^ beeoix entiri^l) in tmA 
ance. 

"Thu Btylt! of hammer is seldom suited to tiie parpose, though bothtiiE 
iimouiit of lahor accomplished and the personal comfort of the woikma 
depend iiioro upon the weight and shape of this impleoneiit an<l ita lunfit 
1 liaa on any othtT single factor, save the quaJity ot fbe ore its(.*l£, Tliett 
hliould bo several cast-steel sledges, differing in wa^tt from 6 to U b, 
iiitfuik>d for general use in breaking up the larger fragments of locktoi 
i^izv suitable for the light spalling-hammers. Each laborer should be pn- 
vidfd with a hammer 6 in, in length, forged from a 1*5 In. octagonal bir nf 
the host uteel, and weighing about 2-75 lb. This should le somewhat fl»i- 
toned and expanded at the middle third, to give ample room for a handle of 
Kufficiont size to prevent frequent breakage. The handles usually sold fur 
this purpose are a constant source of annoyance and expense, being totalb' 
unsuitod to this peculiar duty. It is better to have the handles made at th^ 
works, if it is jios.-;ibIc to procure the proper variety of oak, ash, hickorj, or 
licst of all, a smalt tree known in New England as ironwood (hornbeaml. 
which, when peeled and used in its green state, excels most other woods ir 
toughness and elasticity. The handles should be perfectly straight, without 
crook or twist, so that, when firmly fastened in the eye of the hammer by an 
iron wodgi', the hammer will hang exactly true. Their value and durability 
depend nuich upon the skill with which the handles are shaved down to in 
iiroa loss than half their maximum size, beginning at a point aixjut G in. 
.ibove the liammcr-head and extending for about 10 in. toward the free 
extremity. If properly made and of good material, they Jnay be made so 
small as to appear likely to break at the first blow, but in reality they are 
so clastic that they act as a spring, and obviate all dieagrpeable eifects of 
shock, wear longer and do more work than the ordinary handle. Such i 
handlo liJis lasted five months of constant nse in the hands of a careful 
wnrkumn. whereas one of the ordinary make has an average life of Bcarcelt 
four days. ()r perhaps 30 tons of ore. 

"Where the ore is of fairly imiform character, it is advantageous to adopt 
the contract system for this kind of work. A skilful laborer, under ordi- 
nary conditions, will break seven tons of rock per 10-hour shift to a size of 
3-5 in., taking coarse and fine as it comes, and in some cases is also able 
to assist in screening and loading the ore into cars. The latter operation 
should be executed with a strong potato-fork having such spaces between 

' Op. cll., p 03. 
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le tines as to retain ihv coarsest size, while the finer classes are left upon 
le ground. The amount of space required for convenient spalUng ia about 
p sq. ft. per man, which will allow for or&-dumps, trac!;t>, sample boxi 
tc. A good light i« essential, " 

CuLLiNQ. — The ore having betn broken, either by machine or by hand, 
lust be passed over a screen or grizzly to remove the fines, which will be' 
ant directly to the dressing floors, before going to the sorters, The latter 
fill be probably cither men who are incapacitated for other work or boys. 
n Europe, women and girls are frequently employed for such work, but 
i,merican ideas would scarcely permit that. Boys become very expert in 
he work and are satisfied by materially lower wages than men, compared 
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Spalling and Sortino Hodse. 



Hand the success of the operation depends largely upon the convenience of 
che manner in which the ore is presented to the pickers. This may be dona 
ijy stationing the latter along a bench on which they may draw from pockets 
Ihe ore to be sorted; better by discharging the ore on a large, circular or 
annular table of wood or iron, revolved slowly, around the periphery of 
which the pickers stand ; or better still, by discharging it on a traveling 
belt from which the pickers can select it. 

Stationary Tables. — An arrangement of the first kind at a mine in Mexico 
for sorting an ore composed of blende, pyrite, galena and quartz, which wat 
to be separated into those four classes, is shown in the accompanying en- 
graving. Fig. 19. The spallers on the upper floor received the ore from the 
mine car= thrniiirh n fhuto. They brnUe it to 2-5 in. pizr by mranr^ of long 
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hammcre and ftiovi'li-<l tht'ir product on grizzlies, whence tW coarse 
Into thi.' pwlcrtfl (losigned for it and the fines paB^H^I through into a Ini. 
whence they were taken to the jige. The sorters, seated along a bench p 
front of the ore pocket, drew ore from holes in the latter and dropped Ik 
various kinds through holes in the bench, beneath which sacks were suf- 
pended to receive them. 

A similar arrangement, but on a larger scale, is to be seen at the dresjinj 
works at Clausthal in the Upper Harz, Germany, where the sorting how 
IB eomewliat according to the design shown in Fig. 30. At those worke & 
ore ie crashed to 60 mm. size and passed over a screen with 33 mm. hola in 
;t separate house. The stuff from -12 to 60 mm. size is trammed to the sort- 
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Fio. 20. — TR.iNHVEitBt, Section of Ore Sorting House. 

ing house, where it is dumped into the ore pockets, the tramway passing owr 
the latter, Tho ore pockets have a sorting bench on each side. The picker; 
throw the various kinds of ore into boxes placed conveniently on the fl"if 
and the waste into chutes in the floor. The mixed ore which is sorted out 
J8 cobbed and resorted at benches along the sides of the bouse. 

Revolving Tables. — An annular, revolving picking table, as built by Fraftr 
& Chalmers, of Chicago, is shown in Fig. 21. The broken ore is led on the 
table by a chute, and spreading out is carried by the revolution of the tabk 
until, meeting an inclined, stationary scraper, it is swept off into a chute, 
which delivers it into cars, or a continuous conveyor, to transport it to ""' 
next operation. Around the table bnrs stand, who pick out mineral from 
the slowly moving layer of ore. The (able itself is made of punched iron 
or steel plate. 




FiGB. 21 AND 22. — ()iiE Picking Tabu 

f\g. 21 : Plan. Fig. 22 :■' Vertical Section. 
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aorted matesul in front of tbem, ud this tmogexaeat U easlj ande wi\ I 
f uuuUar form, in coonectkPD with «1uf^ a mnical surface cnaj '* 
» the ring, aroond the Terticsl axi^ irith radial partition: 
; dtffvrtnt clanHs of or» which will »lide down the eooe inu 
r nwftactes. With staticHiarT tabUs, and codle&e belts where pickm^ 
U done from both ndes, it ia generallT neeeeearj Cor the pickets to tbio* 
the AoTlt.-d ore baekward instead of forward. 

EndUaa Belt Tdbla. — Endle^ belt picking tables require no detailed (ie- 
scription lieyond the atatement that ther mav bo made of linked tablei^ nf 
wood or iron, or billets of wood, or ordinarj- rubber britiog. ' 
The Robins STrtein of belt conTeyors is easily adapted to tiii* 
purpose, and the Robins Belt Conveying Co, makes a special picbng 
belt, which is very good. It is heavy and wide, commonly 32 to 3li 
in., and is supported on idlers which are so shaped as to give the belt ■ 
broad, flat sarfacc at the center, with narrow, verj' slightly raised sides. It 
is made to travel at speeds of 30 to GO ft. per minute. Owing to its elasticilj 
the belt will withstand epalling of the ore directly upon its surface. A belt 
carried 300,000 tons of ore in three years for the Stirling Iron and Zinc Co. 
at North Mine Hill, S. J., without appreciable wear, although a good dell 
of the ore, which averaged 5 in. in size, was broken with hammers diriictly 
on the belt. Kubber belt tables have the advantage over other kinds that 
there are no litiks to wear and no crevices wherein pieces of ore can jam. 

Efficiency in ITand Sorting. — ^To secure the maxiinimi efficiency in hami 
sorting, it is necessary to have good supervision (since any system of con' 
tract work is difficult to carry out), good light, and all arrangements whicli 
may increase the convenience of the pickers. If a moving table be used anii 
more than one class of ore is to be made, it is best to have one boy assigned 
to each kind of mineral, at least at the head end of the table. Thus if tk 
ore were to he sorted into galena, blende and waste, the 6rst boy would picl^ 
galena, the second blende and the third waste. One boy cannot adwn- 
tageously pick more than two classes from a moving table. It goes almorf 
without sabring that the layer of ore must not be put on the table so that anj 
part of it will not be in easy reach of the pickers. The work of the latttf 
is facilitated by wetting the ore before it comes to them, when the com- 
ponent minerals arc much more easily distinguished than in dry, duet- 
covered condition. 

The cost of culling mineral is bo entirely dependent upon the character 
of the ore and the local conditions of labor that it is useless to cite examplw 
from prnctice: the probable economy rniiist hp determined by ciqieriment m 
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particular case. In Europe, especioUv in some of the older works, 
lin g is carried to a degree of subdivision which would not be done in 
iem practice; ctrtainly not under American conditions. In the ITnited 
tes a breaking of the ore by spalling. preliminary to culling, would be 
immcnded probably only in exceptional instances; especially in those 
Te the blende is of such occurrence that the saving in mineral by avoid- 
loss in slimes is more than enough to offsrt the cost of spalling plus 
it of culling, inasmuch as the cost of milling the rejected ore per ton 
lid be the same, suhstantinllv if not identically, as if all the ore from 
mine went directly to the mill. 
iUnder ordinary circumstances culling would be advised probably as a 
in the milling proctss, where all the ore from the mine, having been 
tiken by a crusher to the size determined for the next machine, would pass 
a grizzly or through a trommel from which the coarse material would 
to the picking table and the rejected stuff from the latter to the next 
ishing machine. In this case there would he no estra cost for crush- 
, and only the cost of culling, minus the cost of milling the 
leral picked out, would have to be considered against the in- 
eased saving of mineral- For example, if the cost of milling 
35c. per ton of crude ore and five tons be concentrated into 
, the cost per ton of concentrates is $1-35; leaving out of account the 
estion of losses in treatment (very iuiportant) and cost of repairs on 
iking tables, interest, amortization, etc. {comparatively unimportant), 
would be an equal thing to produce a t(m of culled mineral of the same 
ade at $1-50 — i.e., the cost of the concentrates in the first ease plus the 
ring of milling one ton of material ; the higher saving of mineral would 
ibably permit the hand sorting to be done economically at considerably 
feller cost than $1'60 per ton of product. 

Gravity Concentration. 

In concentrating zinc ore, like any other ore, liy gravity it must first 

i crushed siifficicntly fine to detach the various component minerals 
1 one another, taking care to crush as little as possible finer than 

necessary to effect such a liberation. The crushed ore is then separated 
proper sizes, by screens for the coarser and hydraulic classifiers for the 
ST sizes, and each size is washed separately; the coarser on jigs, whereby 

9 mixture of mineral particles are shaken up in water, with the result 
t the heavier and more valuable sink to the bottom; and the finer ( 

sking tables or buddies, whereby the lighter worthless mineral is washed 
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off, while the ht«?ier is iliscliarged by proper devices as a coneentrated 
duct. There is always an intt-nnetliate product, consieting of isterlodial 
particles of mineral and gangue> wljich the original crushing failed to sqn- 
rata This ehoiild be crushed more finely by proper maehinerv to eSta 
the eeparation, and then should Iw sized and washed ag:ain. The ideal eon- 
ecntrating plant eonfonns to tlieec conditions and the better the details at 
worked out the lower will be. the cost of dressing and the higher the saiiig 
of mineral, although in the beet desi^nied works there is inevitably a certiil 
loss of mineral owing to some of it Ijeeoming crushed so finely that it ii 
impossible to settle it economicallT, while there is always some eecapisl 
attached to larger or smaller particles of gangue which it does not pay to 
recrush any further. 

Cardinal Phinciples.— -The proper size to which to crush the ori| 
ore, the proper sizes into which to divide it by screens, the point at which it 
is best to discontinue sizing by screens and begin sorting by hydraulic ekaa- 
fiers and many other details, are only to be determined by tests and calcnb- 
tions for each particular ore. However, experience has demonstrated some 
cardinal principles in ore dressing practice of which the more importint 
may be summarized as follows: 

Crushing. — The comminution of the ore should be effected gradually bj 
aeries of machines and never attempted with one machine ; the finer it ia In 
be crushed, the more should be the members of the series, except that in thi 
case of the ball crushers it is possible to effect the reduction satisfactorily 
with only two machines, namely a rock-breaker and a ball-mill, regardles 
of the degree. With rock-breakers and rolls Mr. Philip Argall, who it » 
high authority on the crushing of ores, considers that it is inadvisable to 
attempt a greater reduction than one fourth the diameter of the pieces by 
any one machine. Thus if the pieces were of 16 in. size ho would break tn 
4 in. cubes in the first operation and to 1 in, cubes in the second. If the 
ore were to be crushed to 0-5 in. size it would be best to make the reduction 
in the ratios of l(i:5 in., 5:1-5 in., l-5:0-5 in., and so on. Roek-brcakers of 
the Gates and Blake types are the best for preliminary crushing machines, 
but according to Mr, Argall rolls are preferable when the material is smaller, 
than 2 in. cubes. For fine crushing, taking the product of the breakers, 
oils are generally the most eificient type of machine; they can be used in 
M crushing, which is invariably done in dressing works, with very good 
esults down to SO-mesh, and with fair results down to 40-mesh, if there 
be not much clayey matter in the ore. For fine grinding, however, the 
ball-mill may be superior to rolls under certain circumstances. It produces 
a product of entirely satisfactory character as to granularity, and has the 
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drantagu of couibming the grinding, elevating and Boret'iiing apparatus in 
ntJ compact inachiuo, which is able to give a flniahed product from coarae 
laterial in one operatioii. 

Screening. — The screening capacity should he ample liecause the clean* 
ess of separation depends largely upon the perfection of the sizing. There 
iimld be two lines of trommels, duplicates of each other, through either of 
'n'h the stream of ore may be passed at will. By this arrangement the 
■ ■ssity of stopping the whole mill to repair a single screen is avoided. In 
' -rigning very large mills all the machines may be advantageously arranged 
,£ a system of units. The modem tendency in ore dressing is to reduce 
he number of screen sizes. Screens with apertures smaller than 1 or 1'5 
nm. are seldom used, the further grading of the ore particles being effecte(l 
>y hydraulic sorting. 

Jigging. — The Harz jig is undoubtedly the most efficient separating ma- 
chine for the coarser sizes of mineral sand, or down to particles of 1 mm. 
>r 0-04 in. diameter. Jigs of special design arc also very efficient separating 
machines for the finer sands or coarser slimes. For a two mineral separa- 
tion, e.g., blende and quartz, a three-sieve jig is advisable; for a three min- 
eral separation, e.g., galena, blende and quartz, a four-sieve jig is preferable. 
Jigs with five, six and even seven compartments are employed advantage- 
ously in the peculiar practice of the Joplin district. The improved shaking 
tables, like the Wilflcy, Cammett, and Bartlett, which are developments of 
the Kittinger side bujup table, have rceentlv come into extensive use and 
give excellent results in separating the finer sizes of ore. They have a wide 
range of application, and are perhaps the most efficient fine concentrators 
that have yet been devised. 

Slime Washing. — \ close saving of values in ore dressing can never be 
rffi^cted without a careful washing of the slimes which are unavoidably pro- 
tliK-cd in the crusliiug of the ore. Tliese shouhl be sorted by means of an 
hydraulic classifier and then washed on shaking tables or buddies. The 
rr-^irser climes are treated advantageously on shaking tables; for the finer, 
till- revolving, convex, circular huddle (round table) la still a standard type 
■ >r :ipparatus,* 
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H Omeral Arrangement. — As to tlic gt^neral arrungemeitt of an ore <b^^H 
H works, the consensus of the best engineering opinion at the preaen^^H 
H is foi a flat site, rather than a liillside, although in cltooeing the fonn^^H 
H well to take advantage of a natural elope for a tailings dump, if tlutt sjp 

H level mill site ie advocated because the original construction is cheaper, M <^ 
^M cuts and fills and retaining walls being necessary, a better and inoro roam '^ 
H arrangement of the machinery can be had, besides better light, more fad% : 
H of Buperrision and greakT elasticity in extending the works, while the otn f 
H cost of elevating material over what is necessary in a hillside location ii 
H insignificant. 

■ Specific Geavity of Ziso and Associated Mineeai-s.— In the folloir' 
H ing table are summarized the specific gravities of the most important aw 
H minerals and the impurities which generally occur with them, the specifc 
U gravity of water being deducted in each case to show their relative weighH 
when immersed in water : 

SPECIFIC GHAVITY OF ZINC AND ASSOCIATED MINERALS. 
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■nd a good deal of the blende is handled in the same nmnner. There are 
scrtam mines, however, which mill all the ore raised. That is done at the 
Seue Ilelene mine, at iieharley, which \s the largest producer in the region, 
ind is equipped with what is probably the best dressing works. 

The Neue Helene dressing works consists of two divisions, one for blende 
ind one for calamine, the ore being dirided in the mine into those classes. 
Both mills are situated close to the main hoisting shaft of the mine, eo that 
the mine ears are raised directly to the highest level of the mills, to which 
fcey are trammed ovit a short bridge. The transverse section of the blende 




Ro. 25. — Diagram of Ohe Drebbikg Process at the Nette Hblbnb 
r Blende Mill, Upper Silesia. 



nill shows three steps, with the first crusher on the highest and the slime 
vaehers on the lowest ; on the middle step the mill has three floors, the 
and jigs being placed on the lowest, the fine crushing rolls and Heberle 
nills on the second fioor, and the picking tables on the third floor, with the 
'oarse crushing rolls and the first train of trommels on framework higher 
ip, but below the level of the first crusher on the highest step. The mill 
s therefore arranged on five levels. The general scheme of the ore dressing 
{Stem is shown in the accompanying diagram. Fig. 35. 

! crushing rolls are all geared nui^ of slow speed, the first set of the 
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i;rie« beiDg 900 mm. in diameter. The jigs are built entirely of ii 
(vteel and have sera i -cylindrical bottoms. The Rittinger tables are double, j 
nnd also are built of iron and steel. The calamine mill is of similar dem|K ^ 
hut it has no Helierlc mills, and small "Stossherds" are substituted forUu ^ 
Rittinger tables of the blende mill. The work in both mills is done l&rgdj 
by women, of whom there ia an army, who in 1893 were paid from M 
marke {21-4c.) for attending the jigs, to 1-2 marks {38-6c,) for trammiBg, 
IS-hour fhifta. A small quantity of galena concentrate is produced, be- 
sides the blende. The works are driven by a 180 h. p. engine. They vm 
built in 1880 and were the first large dressing works erected in Upper Silesia. 
Some data as to the work done in them are given on p. 217. 

Ore Dressi.vq in MtasouDt and KAN8.t8.— Until recently, that is to saj 
until about 1895, the sdnc ore of the Joplin district was dressed chiefly bj 
liand- jigging. Since 1895 a crude type of steam mill has come into generel 
use, and their cost being low and their efficiency high,* they have almost 
completely displaced the old hand-jig plants. Compared with the European 
practice in dressing zinc ore, as exemplified in Upper Silesia, the practice in 
the Joplin district is extremely crude, but the results do not apparently 
compare unfavorably. This is because the Silesian ore is an intimate mii- 
turc of a compact, cryptocrystalline blende and marcasite in a gangue of 
dolomite and frequently clay — a difficult ore to dress ; while the Joplin ore 
is coarsely crystalline blende, with comparatively little pyrites (and in 
many cases none at all) in a gangue of quartz, from which it is liberated by 
a comparatively coarse crushing — an ideal ore for gravity dressing, 

Method of Milling. — The dressing works in the Joplin district conform 
closely to a standard t^'pe. Generally they are designed for a capacity of 
100 tons per 10 hours. A mill of that size is provided with a 16X2i in. 
Blake crusher, delivering into a storage bin, whence the crashed ore is ted 
mechanically to a set of 12X36 in. rolls, driven by belts at 35 r. p. m. The 
product of the rolls is elevated and discharged into a 36X84 in. trommel, 
covered with sheet steel punched with 0-5 in. round holes, which makes 20 
r. p. m. The oversize from this trommel passes to another set of 12X36 in- 
roUs, and having been crushed finer by them, it is delivered hack to elevator 
No. 1 and trommel No. 1. The product which passes through the 0-5 in 
holes of trommel No. 1 goes to trommel No. S, which is also 36X84 in., but 
is covered with plate pimched with fl-125 in. holes. The oversize from trom- 
mel No. 2 goes to the roughing jig; the undersize to the sand jig. Thae 
is also a cleaning jig which reworks certain products of the roughing jig. 
The jigs are of the Cooley pattern, in which the box is built up with 8X4 

' Thl3 word <B used with quaUflcatlons which wlU be eiplaln*fl further on. 
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.ntling laid together on the wider sides and spiked and bolted through 
des of the box being thus made 4 in. thick. This has been proved fa 

a very solid and watertight jig box, which is excellent in all respects 
roughing jig has five compartments, each 30X-12 in., with trays oi 4 
eteel wire cloth; the counter shaft is driven at 140 to 175 r. p. m. Thfl 
ing jig has six compartments, 30X31! in. (sometimes 2(iX43 in.), with 

of 4- and 6-mesh brass wirR cloth; the counter shaft is driven at 
>fi25 r. p. m. The sand jig has four or six compartments with 24X38 

25X30 in. trays of 12- and 14-mesh brass wire cloth; the counter shaft 
ren 200 to 260 r. p. m. 
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^ 26. — Diagram of the Ohe Dresbing Prooebb Employed in the 

JopLiN District, Mo. 
i 

fB roughing jig, which receives material finer than 0-5 in. and coarser J 
P 0-135 in., furnishes a clean concentrate from above the sieves of the J 
Jlwo compartments. The third, fourth and fifth compartments yield a 
1 product, which is conveyed to a third set of 12X3fi in. rolls, set to 1 
I fine. The product of these roUa is united with those of rolls Nos. 1 ^ 
, and is passed again through the screens. The concentrate i 
!gh the sieve of each compartment, which ranges in size from 0-1^ 
I in., is delivered by means of a Ijclt elevator to the cleaning jig. 
f makes a clean concentrate both above and below the sieves in thrs 
pr eompartments. Tlie mixed product from above the sieves of t 



PKXICCTIOS AKB PROPEBTIES OF ZINC. 




d by rollfl Xo^ 3 and ia returned w the 
b; the hotdi-woTk is delivered to the ^nd jig. 
a tbe mAemze from ecreen No. 2. It 
i dtam taOft. lite Aoft K^ieme is illustrated in the acdomptn] 

■ tbe sjiteB described abore are slight and eict 
" T than 12X36 in- (14X21 in. being 

k), amd m mbb Ae third set is omitted. Some mills have wlf i 
t ia.^t three, one with 0-375 in. holes being 
•^ lad 0-125 in. In exceptional cases the finest proMl* 
■ of ■ pnia fa d box, of which the overflow is 

■ the eliraes aie settkd In tanks and reworked br 

■ slodee system. Wilfley tables have recently been 'at 
i Cor varimg the finv }MYidaets; they are said to have given 

ftctay roaka. b genenl, all the tailings of the mill are conveyed to thi 
bOTt «f a 16-ia. hdt derator, 50 ft. high from center to center, by nUA 
thi^ are fiKfeuged «n tbe dtnnp. This arrangement is necessary inasmod 
as aH Ae nlk ol Uk dietrict are built on level ground. 

TW fig ntm is ajiproximatelv 34X&t ft- : the engine and boiler tim 
•WXZtt ft. The MrhinrTT is driven usnally by a 60 h. p. slide valve en^. 
k the Eteu is fnmiilHd by a 100 h. p. horizontal tubular boik. 
Ok is t6,0OO@^.00O for a nominal capacity of 10 tons 
Wi& hntUe^ flint ore, which is crushed easily, that capacity 
, bat with clayey ore which tends to choke up the crnshiii^ 
r the («psdtT may be reduced to as httle as five tons per How. 
g macfainerv that is nsed is of an inferior class and is subject tn 
t bnak-downs. thus reducing the average capacity of the mill. Ik 
1 crew comprises four men, viz., two crusher-feeders, one jig 
i an engine tender. 
l|«f TrtatmmL — ^The objects chiefly aimed at in the existing ore dws- 
' inc practice in the Joplin district are (1) to put through the masimiini 
qasDtity of ore per day that a unit crew of men can handle, reducing tte 
C«* of drresing per ton of crude ore to the minimum, and (3) the pro- 
duction of a concentrate which will meet the market requirements and fetcb 
the b«l price. In the attainment of those objects, ore is crushed and jigg»^ 
in the largtst and best works for as low as 20c. per ton {mill men being 
paid $3-(W^$M5 per day and coal costing $l-40@81-60 per ton for mine 
ran), while a concentrated product assaying from 57 to 66% Zn, the latter J 
1 Iwing practically pure blende, is obtained. 

The cost of ore dressing in the Joplin dintrict vanes between^ 
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*»ot only among various miUs, but also in the same mil!. The variation 1 
V^etweon different mills of the same design and efficiency Is due to differ- 
^rnces in the character of the ore milled. The variations in tho same mill 
!Bre ascrihahle largtly to the inferior class of crushing machinery which is 
employed. Break-downs are frequent, leading to large bilk for repairs and 
renewals, but more important than that to great losses of time. This is 
■hown in the records of single mills, wherein the cost may be as low as 
SOc. per ton of crude ore in one month and 40c. per ton in the next month. 
yor this reason it is quite unsafe to base comparisons on the results of a 
eingle month. , 
The cost of dressing for sis consecutive months in threi> different mills, J 
for vrhich a careful record was kept, was as follows : ^i 
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Loss of Mineral. — The production of a concentrate assaying C3% Zn and 
even one of 60% Zn, which is thought to be approximately the average of tho 
entire district, is certainly successful work, but it is accomplished at the 
cost of the mineral in the ore. The mills of the district are characterized 
by the absence of means for treating slimes' and large losses are experienced 
naturally on that account, though since the ore does not require very fine 
■ crushing the losses of slime are less than would be the case otherwise, while 
it is an established fact in ore dressing that the higher the degree of con- 
centration the higher are the losses of mineral. 

As to what the losses in dressing experienced in the Joplln district actually 
are, it is difficult to conclude, there being few mills at which the concentrates 
are assayed for zinc, or even for their moisture content when weighed, and 

H ing tables hove bci-n intrmJum!. J 
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fcwi-r t<lUl. perhaps it is safe to say none at all, where the cnide ore pwl 
through thmi i* weighed and assayed. In the absence of these data it bj 
imposeible tn determine aceurately the percentage of mineral that is lotLJ 
Carl Uenrich. in 1802, discussed the subject in the following words:' 

"When we look at the tailing piles, and see the vast amount of good blende 
left in them; when we follow the course of the water flowing from tb»' 
concentration works into larger streams, and see everywhere the fine hlenie 
ehining golden yellow in a bright eunlight, we begin to doubt the Mccess of 
a method of concentration, which on an average wastes certainly not leas 
(han one-third, and more frequently nearly one-half, of the ore contained 
nriginflUy in the crude material treated. No doubt this assertion of losM 
will bo denounced as an exaggeration by most practical miners in ffebli 
City. But I believe a fairly conducted test will demonstrate that no con- 
centrating works near Wchti City, as at present conducted, recovers tnore 
that two-thirds (probably much less) of the blende contained in the orig- 
inal mine-stuff hoiattnl to the surface." Henrich's conclusions in 1893 have 
been borne out by the considerable quantity of mineral which has been re- 
covered from accumulations of old tailings by the operators of "sludge 
mills." 

The percentage of mineral recovered from the ore milled in the Joplln 
district varies considerably according to the character of the ore, which 
differs more or less in various parts of the district. Some tests made rv- 
cently have indicated that 30% of the mineral in certain docile ores is 
recovered, while in the case of certain refractory ores the recovery may not 
be more than 50%. It is conservative to conclude that a recovery of 70% 
represents good average work in ore dressing in the Joplin distriet at the 
present time. There is little probability that the figure is any higher, and 
it may be no more than G6%%. It is proper to remark in this connection 
that a mineral recovery of 80% is high in dressing any kind of ore in a 
perfectly designed mill, and if it be possible to save as much as 70% bv 
the Joplin jiraetice it is indicative chiefly of the docility of the ore* 



> "Zinc BIfnde Mloes and Mining n«nr 
Webb City. Mo.," Trans. Am. Inst. MIn. 
Bng.. XXI. as. 

"A BBTlng of 06% Is eitraordLnarllj- hlgb. 
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MECHANICAL CONCENTBATION OF Z1XC 0UL6. 

ft is not to be thought that t!io .loplin miners and mill men are not 

ire that they are losing a great deal of ore value that might he saved. On 

I contrary, they are quite alive to that fact, but the continuance of the 

Jig practice, which Henrieh and many others after him have criticized 

severely, is due to the conclusion that it is the most profitable. Tliia 

icluBioD may be incorrect, but it should not be lightly rejected, as many 

levators with preconceived opinions as to the crudity of the .Toplin 

thod have learned in a costly manner. The present practice is the con- 

te result of the experience of many men extending over many years, which 

! naturally evolved a system that conforms to the peculiar conditions of 

& district. Further improvements will he made, without doubt, hut they ' 

6 much more likely to originate in the district than outside of it. 

A modification of the method which will afford an increased saving of the 

ineral of the ore milled is one of the improvements that arc Ukely to be 

i in the future. If a mill be operated on ore which yields a coneen- 

ite of 5%, without saving anything from slimes, and the coarse tailings 

ay 3 to 2-5fo mineral;' if the slimes can be impounded and reworked 

I by trihuters, and if after an accumulation of tailings has been 

made they can l)c profitably remilled by men who make a specialty of that 

mainess;" if those things can be done (thej are done, m fact), it would 

)pear best to do them in connection with the original handling of tlie 

aterial and deposit the waste products in a final resting place Eational 

; this proposal appears to be. the reasons whv it han not bei n done, and 

y perhaps it will never be done, are not difficult to perceive The Joplin 

ill men as a class arc not familiar with sUnie dre'ising The ore bodies 

I the district are of variable magnitude and frequently art exhausted 

lickly. The method of mining does not open rcsirvcs of ore, and the life 

I is uncertain. The margin over the co=!t of mimng and milhn^ 

likely auvway to be narrow. The capital of the men exploiting tht mines 

i generally small. All of these conditions tend to limit the expenditure 

riginal plant to the least that will enable the mine to be worked In 

jrder to meet that requirement a type of mill has been evolved which coets 

nly $30((?.$40 per ton of daily rapacity fas rouip^red with $150(ff $200 for 

I mineral separation la afforded brlttlracBS of galena eausps It to go largely 
' tbe lead ore of tbe Flat River and Bonne Into the slime 

: distrletB in St. Francois Co., Mo.. 'The talllDKB made In the illHlrlcC ar 
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an ordinary mill in other districts).' Ite design has become well estat 
lished, one mill resembling 90% of all the others in the district like peas m 
a pod, and the developer of a new mine can contract for the erection of s 
mill as easily aa he can for a ham and with ae little concern ae to its promised 
efficiency in operation. The addition of recrv^liing and slime washing M- 
cliincry would introduce unfamiliar complications and woidd increase the 
first cost. The complications might be learned, of course, but the increased 
cost would always raise doubts as to the advisability of the additional iavest- 
uit-nt until tlie Jiiiue had been tested. Hence it is that the reworking of 
tailings has been left until a sufficient quantity' has accumulated to makeU 
worth while. 

I Total Cost of Production. — The cost of dressing in the general nm of 
Ihe plants in the Joplin district probably averages about 30c. per ton ot 
crude ore.' The cost of mining is, of course, variable. The general average 
for six mouths of five mines wliich produced about 120,000 tons of crade 
ore, yielding about (1,000 tons of concentrates, was 70c. per ton of crude 
the extremes being 56c. and fl-lu. General expense and amortization of plant 
were not includcfl, lio^'cver. Frank Nieliolson states' that mining has been 
done as low as 30e. per ton in certain of the properties under his manage- 
ment, while in others the coat has been $1-00. The mean between those 
extremes is 65c. All of the figures quoted above refer to the operations of 
large companies, which are subject to a general expense of perhaps 10c. per 
ton of crude ore over and above the cost of mining and milling. 

The minimum and average cost of mining and milling 100 tons of ore in 
the Joplin district ore approximately as follows: 
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times stated. Par exsmiile. 
Hatd (In a paper read before ih 
InKtltiite ot Mining Enginei^rB. 
meeting, Februarj, mill) that the er 
milling lOft toDH per day would be S2: 
22.75 c. per ton. That Bgure. and 
laweF ones, may be altnlnM as tbf av 



iTould not be bo lav. UedbnrK ettimtUt 
the cost ot hand-JlgglDg at lillc. per too. 
reckoning two men at Erlizlle* tK)'- 
tour men Jigging iHH ; two men ]ln<iV 
(*5> ; and one man handling waste net 
[Jl.rifH ; total. JlT.tiO tor the concentratlnn 
of 30 tons of ernde ore per daj of nl»« 
hours. The aubstltutloa of steam-milto tor 
hand Jigs was one of the Important eeoDD- 
mtea Introduced In the Jopltn dlatrlc^^ 
tween 18111 and IflfKl. 

"l-hp MInprnI Industry, VIII, tlTT. 
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[he cost of production per ton of mineral from ore yielding 3 to SJS 
bncentrate is coneequently more or leas as follows : 
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!he ultimate cost of production is greater than is indicated by the abovi^ 
Tgurt'S, because of the charges which must be made for interest on the capital 
investi'd and amortization of the cost of plant and land, exploration and 
development work, etc' Under t!ie leaning system the charges on the land 
and some of the dead "work are covered by the royalty of 15 to 25%, which 
is deducted from the proceeds of the ore as the share of the land owner and 
prime lessee — i.e., if mineral sells for $25 per ton the miner reahzes $21-25@ 
$18-75. Besides his product of zinc ore, however, he recovers as a by- 
product, so to speak, a certain quantity of lead ore, worth $40@$48 per 
ton, but subject to a royalty ranging up to 33l^%. Tlie proportion of lead 
ore to zinc ore varies in different mines, but the average for the whole dis- 
trict is approximately 1:10; the statistics as to this have been given on 
page 1S8. 

It is impossible to arrive at any reliable conclusion as to the average 
jrrade of the ore now mined in the Joplin district, but it is probably in the 
neighborhood of 4-3% Zn^=6-4% blende, corresponding to a yield of 5% 
of mineral assaying 60% Zn on the assumption that 70% of the content of 
the ore be recovered. This is indicated by the fact that the production of 
the district, which was considerably stimulated by the high prices for ore in 
i899, was not materially restricted by the decline in price in IflOO, and 
actually increased in 1901, when 60%> ore sold at $24@$35. In the early 
part of the decade 1891-1900 the average grade of the ore mined must have 
been higher, inasmuch as there was a steadily increasing production on a 
jiiarket which was generally below $94. 

Relation Between Ore Dkessisg axu Smelting.— In dealing with a 
zinc ore which requires a preliminary mechanical concexitration before smelt- 
ing, it is important to adjust the method of dressing with respect to the 
conditions of smelting in such a way that the margin between the value of 
the ultimate products and the total cost of production will be the maximum 
possible. This ja especially important where the same company operates 

« cost of apmlne u mlUG In the .Toplln di 
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wOTiia. utal is ibenefore ivli^ved of the 
or loe KrtHtruy re^joimaents of 
snu-llin^ practtw is ib*.- 1(«& capable of mi 
pTSctice in dnssng should be made to conform th< 
As to how thst maj be >icmv will (iepernl of cohtsp iipoD the ore. VitJi 
Bunj ore* of ■ dilEi^uU character there is not niiich Wwa v for modification 
in the dmsing prscticr; with $oni« ores of kq catv character, like those of 
tbr Joplin district, for example, ih«re is a wide- latitude. The question to 
he settled, then, is as to whrthiT the lower cost of smelting a high grade 
ore is offset by the u)CTea$«d Ini^ of iiietat id making a high grade ore, or 
Tice-TeTES. 

In the Joplin district at the present time tlie ore is dressed to a product 
of 60% Zn — i.e-, the concentrate must eonsirf of at^lea^t 90% of mineril. 
blende. The low of mineral in tailings and climes is naturally higher in 
making a concentrate of that grade than in making one containing only 
45% Zn or 67-5% of blende. For the purpose of iltnrfration, let it lie 
assumed that in making a 60% concentrate out of Joplin ore assaying i% 
Zn, there will be a lose of 30% of zinc in dresiing. whilo in making a i6% 
concentrate ont of The same ore there will Ijc a loss of only 20%, On this 
assumption. 100 tons of ore raised from the mine would contain five tons 
of zinc, equivalent appronmately to 7'.5 tons of blenile. If 30% be lost in 
dressing, there remains 3-5 tons of.zine, equivalent to 5-25 tons of blende, 
to go into the concentrate; if the concentrate assays 60% Zd, or 90^ 
blende, there must be 5-86 tons of concentrate. If, on the other hand, only 
20% be lost in dressing, there will be four tons of zinc, equivalent to su 
tons of blende, recovered, and if the concentrate assay +5% Zn, or 67'5% 
blende, its weight must be 8-89 tons. The only estra cost in the mill is 
that of moving 3-03 tons of mineral to the storage bins and loading the 
increased quantity on board cars. This would not amount to much, but 
in the transportation and smelting of the ore the costs would count up 
rapidly on the greater quantity of valueless material contametl in the ok. 

Assuming a freight rate of $1, a smelting cost of $9-50 and a metal recov- 
ery of 86% in each case, the results would be as computed in the subjoined 
table, if spelter were wortli 4c. per lb. ; from which it appears that an addi- 
tional saving of 10% mineral at the expense of making a concentrate only 
three fourths as rich would lead to a gain of only about 2c. per ton of crude 
ore, which gain would increase as tbe price of spelter rose or the cost of 
smelting diminished. Practically, however, the cost of smelting the lo» 
grade ore would be higher per ton than for the bieh grade ore. and th* 
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itage of metal recovered would be kss, so there prolialilv would be i 
at all. The table relerred to is a^ follows: 
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evident therefore that an increase of only 10 units in the refioverj! 
Deral in the dressing works would not pay for the extra cost of smelt- 

ic greater bulk of ore, even in Kansas, where the cost of carriage of 

the smelter is comparatively low. If tho ore had to be carried a long; 
lee the comparison would be still more unfavorable to the lower grade, 
her words, it may be more profitable to throw away a considerable 
Dtage of mineral than to stand the cost of smelting an increased ijuan- 
t lower grade ore. 
figures cited above are used to illustrate the method of calculation 
2 not intended to indicate any actual results. They call attention, 
rer, to the advisability of determining the efficiency of the dressing 
ice with the particular kind of ore which is being concentrated. If 
ercentage of mineral recovery can be increased without reducing the 
1 of the concentrate there will be of course a clear gain of the extra 

of the mineral recovered, lees the additional cost of dressing. For 
pie, if 100 tons of ore assaying 5% Zn yield 5-8C> tons of concentrates 
ing 60% Zn (70% recovery) and selling for $35 per ton, the value of 

of the crude ore would be $1-465 ; if by an additional milling procesa.' 
in more of fiO% ore could be produced, raising the percentage of recov- 
p 80, the value of a ton of crude ore would be increased to $1-6G7, 
•ABATiON OF Blende asd Ptrites. — Owjng to the proximities of the 
ic gravities of blende (3-9 to 4-1) and pyrite (4-8 to 5-2) a simple 
ition by jigging can seldom be made very successfully. Blende and 
leite are even more difficult to separate than blende and pyrite, the 
te gravity of marcasite being only 4-8. Sometimes, however, an ad- 
ge can be gained by roasting a mixed ore sufficiently to make the pyriti 
ense or otherwise niter the phy^icnl conclitions of the two m' 
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A process of this nature Las been employed by t!ie Societe Anonyme delil 
Vieille Montagne at Ammeberg, Sweden, for nearly 40 years.' The ni I 
ore after hand sorting is slightly roasted in shaft furnaces, in vhich the | 
ore is charged with coal in alternate layers. The blende remains laial- 
tered, while the pyrite crumbles, becomes spongy and porous and ia easllj 
washed off by water in the subsequent treatment. A similar process »u 
introduced at the works of the Mattbiesaen & Hegeler Zinc Co. at Laeall^ 
ill., ffhun a mechanical concentrating plant was operated there. AW 
3891, W. P. Blake inaugurated the system in the Helena mill of the Fis- 
coosin Lead and Zinc Co., three miles west of ShuUsbnrgh, Wis., and it is 
now practiced on a small scale in the Joplin district in the treatment of 
ores high in pyrite. 

Practice in Wisconsin. — Blake described the practice in Wisconan m i 
paper in Trans. Am. Inst. Eng., vol. XXII. The sulphide ore of Wis- 
consin contains a good deal of marcasite, together with some galena, miied 
with the blende. It was roasted in a special furnace, which had a circular, 
revolving hearth, arranged in the form of a series of concentric annular 
steps, on which the ore was stirred and moved forward mechaoicaOy bj 
rakes fixed in the dome-shape roof of the furnace. By the use of preheated 
air for oxidation and the close control of the roasting, which was possiblf 
thereby, together with the type of furnace, Blake succeeded in effecting s 
complete deBulphuri2ation of the marcasite without changing the zinc snl- 
phido or even sintering the galena, the blende and galena being drawn from 
the furnace with scarcely a tarnish on the cleavage surfaces of the crystals. 

The roasting which accomplished that remarkable result was done at i 
dull red heat ; so dull that no incandescence was visible by daylight.* Witb 
mineral consisting of about equal quantities of marcasite and blende, of the 
size of coarse sand or grains of wheat, about 20 tons (40.000 lb.) could be 
put through a furnace 16 ft. in diameter in 24 hours; with mineral in 
which the marcasite was of 0-5 in. size about 10 tons (20,000 lb.) could be 
done; the most desirable mineral was of 0-25 in, size. The roasting earned 
the fragments of marcasite to swell, expand, crack open and exfoliate in t 
peculiar manner, while there was only a slight breaking up of the fragment!! 
of blende by decrepitation. Jigging yielded a clean, marketable blende aa s 
concentrate and oxides of iron as tailings. Galena was obtained in the first 
compartments of the jigs, and it was found tliat the heating In the fnmaw 
caused attached particles of blende and galena to split apart, eo that 
better separation of those minerals could be effected. 
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In carrjing oat the process the ore from the mines waa first crushed and 
ged for a product containing about S5% blende, 25% marcasite, and 
O 10% galena, the remainder being dolomite and flint. This concentrate 
8 dried, roasted as described above, and rejigged, affording a product of 
jich the best samples assayed 62% Zn, less than S% Fe and less than 1% 
According to Blake the bucccbs of the process depended upon a cora- 
rte and even roasting. Every particle of marcasite must be decomposed. 
1 a kernel of unchanged marcasite would cause it to remain with the 
Hide. The outer coating of oxidized iron might be broken away and 
ksbed off, but the kernel of unaltered marcasite would not go over. 
Practice at Iserlohn.—An analogous process was once employed at Iser- 
m, in Westphalia, hut there the roasting was carried far enough to oxidize 
arly all of the zinc before the product waa subjected to jigging. In 
renting the process it was found that about 3% S had to be left in the 
i, in order to preserve a certain coherence in the zinc oxide. The scheme 
£ suggested by the finely crystalline and closely banded structure of the 
mponent minerals, which would have necessitated a very fine crushing 
order to liberate them. By the action of heat, however, the ore was 
Sfcen along the planes of banding, and the roasted charge was obtained 
Igdy in the form of small tabular pieces. In washing the loss of zinc waa 
Bvy, as would be expected, and the process was hardly a success, although 
was said that careful jigging yielded a fair separation of the ore into 
trketable products and the process was considered profitable at the time it 
SE practised. j 

Sepaeation of Blende from otiieii Mineralb by Sifting. ^B 

A separation of blende from other minerals can sometimes be effected by 
lifting, advantage being taken of their difference in hrittleness or friability, 
some other physical property, such as decrepitation when heated, to create 
difference in the average size of the grains of the various minerals. 
Practice at Lintorf. — A dry method of mechanically separating blende 
id pyrites was formerly employed at the Lintorf mines in Rhenish Prussia. 
le mixed concentrate of those minerals obtained from the jigs was dried 
id passed through a Vapart- mill, in which the particles are pulverized 
^ centrifugal force against the circular walls of the machine, dropping 
ice through a chute into an ordinary sizing trommel. The speed of the 
11 — usually about 350 r. p. m. — was regulated by experiment bo as to 
ivelop a velocity in the movement of the particles sufficient to break up 
impact the blende, but not the pyrites. The two minerals could then be 
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separated by sifting^ a middling product being xetunied to the Yapiii 
The capacity of the mill was 2-5 to 3 tons per hear. In tbis mumer it 
possible to produce a blende concentrate assaying 50% Zn. It 
that for satisfactory work the material fed into the mill should be of at 
:;^*5 to 3 mm. size and the best results were pbtainaUe with S to 6 mm. 
The process was due to F. Biittgenbach.* 

Practice at Oberlahnstein. — ^The gravity aepeirfttion of blesiide and 
presents even greater difficulty than the seperatioii of blende and 
inasmuch as the two minerals are of almost id e n t ical specific graYity, tU < 
blende being 3-9 to 4-1 and that of siderite, 8-7 to 3-9. At Oberl 
on the Rhine, Germany, a mixture of those minerals was formerly se] 
by heating to redness and throwing into water, whereby the siderite wi8 
thoroughly disintegrated into small particles, which could be easily removed 
from the blende by sifting.* 

Heusschen Process. — The difference in the decrepitation of various miih 
erals constitutes the principle of the Heusschen process, which was described 
in the Comptes Rendus MensueU of the Soci6t6 de Flndnstrie Min^rale fa 
1894, p. 98. It is assumed that cleavable minerals are more likely to de- 
crepitate than massive and that each mineral will have its own temperature 
of maximum decrepitation, whence mixed minerals of the same size, if 
treated for the decrepitation of one of them, may be separated by sifting. 
To accomplish that, a metal table is suspended at an inclination of about 
12° over a grate fire. The table is jarred Icngrthwise by a cam, which causes 
the mineral to travel downward over the end, whence it goes to a screen for 
separation. In the experiments a furnace was used, which, in 10 hours, put 
through (at a temperature of 250° C.) 1,526 kg. of blende-galena-barite- 
schist ore of 1 to 3 mm. size, assaying 8% Pb and 23-3% Zn, yielding a 
product of 1,005 kg., which assayed 164% Pb and 29-9% Zn; of the barite 
present in the original ore 31% went into the tailings, which assayed only 
2% of the metals. 

Magnetic Separation. 

The separation of blende and calamine from other minerals, irrespective 
of specific gravity, is accomplished with great success by the aid of mag- 
netism ; since the discovery of Wetherill, this has been done even with min- 
erals which display no marked magnetic properties and cannot be converted 
into magnetic forms, for example, certain kinds of blende can be separated 
thus from both pyrite and galena. The mixed sulphide ore of Brok^i Hill, J 

* School of Mines Quarterly, III, p. 66. ' 

'Eimhardt, Ore Dressing in Europe, p. 
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5S^. S. W., and of Leadville and Kokomo, Colo., has been treated successfully 
tSk that manner. Both the Wetherill and the simple magnetic processes 
Hit separation have undoubtedly a great future, although inasmuch as in 
■Hant and performance they are more costly than ordinary gravity separa- 
mkm they will be probably employed as an accessory to the latter process 
■Bither than as a substiute for it. For convenience, this subject may be 
i&msidered under the captions "Separation of Strongly Magnetic Minerals'^ 
mtd '^Separation of Feebly Magnetic Minerals.' 
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1^. Iron sulphide, carbonate and sesquioxide may under certain conditions 
ke converted into the magnetic oxide, Fe304, in which form it is easily at- 
tracted by the magnet and thereby may be separated from compounds of 
jinc, all of which are non-magnetic, or at least only feebly magnetic. Pro- 
feesses depending upon that principle were first applied many years ago, 
|ierhaps as early as 1855. Similarly, iron bisulphide may be changed into 
magnetic sulphide. The conversion of non-magnetic iron minerals into the 
magnetic form requires considerable care and many failures have been due 
undoubtedly to ignorance of the precise conditions. 

Conversion of Iron Bisulphide into Magnetic Sulphide. — The reduction 
of iron bisulphide to the magnetic subsulphide has been suggested by Eustis 
and Howe among others,* but experiment has shown this to be a very delicate 
operation and it has never yet been put in practice on a working scale. It is 
effected by moderately heating pyrite, when the change expressed by the 
following equation takes place : 

3FeS2=:Fe3S4+2S 

G. M. Gouyard, of Denver, Colo., has published^ results of experiments 
on this subject, showing that in roasting a mixture of pyrite, blende and 
galena for magnetic sulphide of iron the magnetic concentrates run lower 
in lead and zinc than when magnetic oxide is produced. 

Conversion of Ferric Oxide into Magnetic Oxide, — ^The production of 
magnetic oxide of iron, Pe804, is effected by carbon according to the follow- 
ing reactions : 

ePe203+C=4Fe30,+C0, 

or the ferric oxide may be reduced first to ferrous oxide, and the latter 
converted to magnetic oxide by combination with an atom of oxygen from 

» Trans. Am. Inst. Mln. Eng., X, 305. « Proc. Colorado Scientific Society, 
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I tbe ur, which in known in tokc pUct' when FeO is heated to redness i^^| 
I «ir, th« reactions being expressed thus:' ^H 

8Fe,0,-fC=4FeO+CO, ^M 

3FeO+0=:Fe,0^ ^M 

L When siderite is calcined it is deccrmpoBed according to the reaction, ^H 

i reCO,^FeO+CO, 

and the molecule of FeO is eubseqnently converted to Fe,0, by taking 
oxygen from the air. The roasted carbonate is always strongly magnetic, 
but in execution of the process the temperature must be regulated carefully 
to avoid sintering the ore, which because of the fusibility of ferrous oride 
and fiilica may easily happen. According to Le Chatelier* the decomposition 
of ferrous carbonate takes place at 800° C. 

The bisulphide of iron may be changed into the magnetic oxide if it b« 
roasted carefully at dull red heat. Practically, however, it is difBcult to 
obtain all of the iron in that form and it is generally necessary after tlie 
sulphur has been removed to introduce some carbonaceous matter so as to 
reduce the ferric oxide to magnetic oxide. When the iron is present orig- 
inally as ferric oxide, as in limonite ore, a similar reduction by carbon ifl 
necessary, Siderite on the other hand is converted into magnetic oxide by 
a simple heating. The last process, not requiring so much delicacy in 
manipulation,' has found more general application. 

Practice at Montepom. — At Monteponi, Sardinia, an ore consisting of 
hemimorphite and limonite, with a gangue of dolomite and clay, is separated 
magnetically in a plant designed by E. Ferraris, director-general of tiif 
Societii di Monteponi. The ore is first roasted in a revolving cylinder fur- 
nace with the addition of 2 to 3% coal slack to reduce the ferric oxide tfl 
magnetic oxide. The product after cooling is elevated to a trommel, which 
separates it into six classes of 1. 2, 3, 4, 5 and 6 mm, size, respectively, 
which are delivered to corresponding magnetic machines. The design of 
the latter is shown in Fig. 27. They consist essentially of a horseshoe 
electro-magnet, beneath the poles of which travel two belts, the directions of 
the latter being at right angles. Tbe poles of the magnet are 50 mm. long 
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I have an dliptieai crosa-section, of which the axes are 0-06XO-15 m. 

lej are wound with copper wire of 0-5 sq, mm. section. The machine 

liowii in Fig, 27 was an expiTiraentnl one, and those finally installed had 

magnets over the lower, or feed, helt, and, of course, a second upper, or 




Fia. 27. — The Ferraris Magnetic Sepabator. 



ihsrge, belt, to correspond to the second magnet. These machineB re- 
piire 100 watts of current — i. e., two amperes under a tension of 50 volts. 
1 the following description the feed belt is designated as a, and the dis- 
iharge belt as &, which letters are not shown in the engraving. 
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The Monteponi plant comprises six separatofs. Tli$ tiled tmh 
on the belt a, which carries it under the poles of the magnets st t 
of 20 to 50 mm.^ the distance being adjustable. The^ itiiniwu^iw wjgtM 
this belt is 0*5 m. per second. The belts b, which are interposed 
and the poles of the magnets^ prevent the magnetic particles from 
attached to the latter and carry them out of the line of tzmtd of bdtj 
dropping them as soon as out of the magnetic field* The first msgnet 
belt a picks out the finer and more highly TwagnffHi! partides, irbaA 
delivered by belt b as a clean product. The second picks out t 
product of larger pieces^ which are pulverised and reworked over flie 
chines. The machines are capable of adjustment by varying the 
f orce^ or the distance between the magnets and the belt^ the latter being 
effected by means of small rollers under the belt. In the preliminary ex- 
periments a single magnet machine, like that shown in Fig. 27, was found 
able to separate 0«2 to 0*3 cu. m. of ore per hour. The six double machines 
as installed treat on the average about 1,000 kg. of calcined ore per hour. 

The ore treated assays ^2% Zn before calcination; 30% Zn after calcina- 
tion. One metric ton of ore yields about 667 kg. of mineral containing 40% 
Zn and 333 kg. of iron ore containing from 4 to 10% Zn. The former 
product is treated on a jig, wherein the burned dolomite slakes and is washed 
off, together with the excess of reduction coal, while the calamine passes 
through the sieve and is recovered from the hutch as a product assaying 
48% Zn, its weight being 50% that of the roasted ore.* Of the 300 kg. of 
zinc contained in a ton of roasted ore there is consequently a recovery of 
240 kg., or 80%, which may be considered a favorable result. 

Separation of Siderite and Blende. — ^The separation of sideiite from 
blende by magnetism was done in the Lill dressing works at Przibram, Bo- 
hemia, as early as the decade 1870-1880. The apparatus employed was de- 
scribed in Trans. Am, Inst, Mm. Eng,, IX, 420. A similar separation of 
siderite and oxidized zinc ore was practiced in Spain at an equally early date, 
machines capable of treating one to two tons of ore per hour, devised by 
Doctor Werner Siemens, being employed.* The installation at Friedridis- 
segen, near Ems, in Nassau, was also made as early as 20 years ago. Until 
recently it was probably the most important place where the magnetic 
separation of blende and siderite was effected by the calcination method, but 
the latter has now been supplanted there by the Wetherill process. 

Practice at Friedrichssegen, — The ore treated at Friedrichssegen is a mill 

^ E. Ferraris, Oest. Zts., 189S, p. 347. be made also to a paper on magnetic sepa* 

* Werner Siemens, Oesammelte Abhand- ration by G. PrnB» in Le G^nie CiTil, 1890, 
lungen, 1881, p. 537 et seq. Reference may XVTI. 337. 
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assaying from 11 to lfi% Zn (in the form of blende) and 13 to 
I (in the form of siderite), This was heated to redneBs in a me- 

furnace of the McDougall ti-pe, which put through from 20,000 
'0 kg. of ore (according to the size of the particleB) in 24 hours, 
loal consumption of 1,200 kg. The plant comprised two furnaces, 
which required the attention of one man, who also trammed the 

ore to the cooling floor. Wlien the ore had cooled to 50° C, or 
; was elevated to a trommel, which divided it into sizes, namely, 
lan 4 mm., 2 to 4 mm. and smaller than 2 mm. The stuff larger 
am., which was due to fritting together of particles during the Cal- 
ient to a set of rolls, hy which it was reduced to 4 ram., whence it 
ed again to the sizing screen ; the stuff from 3 to 4 mm. in size and 
than 3 mm. fell into separate bins, whence it was drawn to the pri- 
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Gehmany. 



agnetic separators. There were 19 of the latter arranged in three 
if four each, the four machines of each group being set in pairs and 
B in series. The arrangement of the four machines constituting a 
I shown in Fig. 28. Two groups took the coarser mineral and two 
'. The ore diverted to a group was divided equally between machines 
f, which made two products, one enriched in zinc and the other en- 
a iron. The iron product of both machines was led to D and the 
iuct to C. The two lower machines made a zinc product with 38 to 
. and 6% Fe at the most, a mixed product, and an iron product, 
ill contained 6 to 8% Zn. The mixed product was retreated by a 
f two machines. The iron product went to another group of four J 
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6, which yielded a final product containing 40% Fc and 3 to 4% 2 
resented the entire lose of zinc in the process. 

served that thi^ plant comprised 18 separators, of which 18 




ployed in making the primary separation and fiix in reworking 
rodncts. The general arrangement of the plant is shown 
nying engraving. Fig. 29, which will be reaflily unflpTfitood from 
g description. 



be-^ 
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I Cairining Furttacf. — The calcinjag furnace used at Friedrichssegen rc^ 
quires no extended description, since it differs from the Herreshoff furnace 
■nd others of the McDougall type only in dimensions and structural detaik 

I ll ha* two eeriee of five superimposed hoarthe, which are about fi ft. 
diameter. The vortical shaft, which carries the stirring arms, is protects 
from the heat inside the furnace by an enclosing tube, and is driven 
worpi gear at its upper end. Tn each hearth-room there is a stirring am 
which moves forward the ore. The latter falls on the uppermost hearth 
at its periphery and is plowed toward the center, where it falls through i 
hole to the second hearth, on which it is plowed toward the periphery, and 
so on, being discharged from the lowest hearth into a car standing to 
receive it. The furnace is fired from a grate, whence the flames pass over the 
hearths in the direction of the arrows, escaping through a dust chamber to 
the ehinmey. The speed of the plows is regulated according to the siie of 
the ore particles. The admission of air into the furnace is governed bo 
to prevent, so far as possible, the formation of ferric oxide instead 
magnetic oside. 

The Wenstrom Separator. — The magnetic separators employed at Fried- 
richssegen, which are shown in Pigs. 33 to 35, were of the Wenstrom type 
and very simple in construction. A wooden frame supports a stationary asit 
b, to which is fastened a casting wound with copper wire so as to fonn four 
electromagnets, the wires for the connection of the latter passing througli 
the axis 6, which at each end is bored for a third of its length. The magnets 
which are stationary in the position shown in the accompanying engraving, 
Pig. 33, are surrounded by a brass drum, on the exterior of which brass 
flanges are brazed on parallel vrith its central axis. The drum is rotated in 
the direction of the arrow by means of the pulley g, while a pulley h, on 
the opposite side, transmits motion to the shaking tray e, which receives ore 
from the hopper d and presents it to the drum in a thin, even sheet. Tlie 
space between the edge of the tray and the drum is adjustable. In operation, 
the magnetic particles are attracted to the surface of the drum, where they 
are held so long as in the magnetic field, being thence carried over into a 
separate bin, the flanges preventing them from falling hack. The non- 
magnetic particles fall directly from the edge of the tray into a bin. The 
capacity of a single machine is from 300 to 500 kg. per hour. The drum 
makes 36 r. p. m. and the shaking tray from 180 to 200 throws per minute. 
The power required is 0-125 h. p. and the electric current about 325 watts 
per machine. The Friedrichssegen plant comprised five dynamos, each ot 
which delivered 90 to 25 amperes of 65 volts. One man attended to the 
entire plant of separators. 



UEC'llAIilCAL CONCENTBATION Of Z.1SC OliJ-B, 

. According to C. Blomeke,' the Wetberill luachiiies, wliicli have been in- 
)duc«d at Friedrichesegen, have been found to do twice tho work of the 
1 machines, while they have the further advantage of occupying 
B room and not requiring the ore to be roasted. 

^EPAiiATiON OF Franklinitk AND WiLLEWiTE, — In 1892, Mr. G. G. Con- 
, Euperintendent of the Lehigh Zinc Co.'s works at South Bethlehem, 
in., installed there an experimental plant of Wenstriim separators for the 
jatment of the mixed ore of New Jersey. The ore, which consisted of 




Figs. 33 to 35. — ^The WenbtrOm: Magnetic Separator, 



51.92% franklinite, 31-58% willemite, n-Glfo ealeite, 0-52% zinkite, and 
3-31% tephrojto and other silicatca, was first crushed to pass a lO-nacBh 
deve, and was then mixed with S0% of its weight of anthracite coal (buck- 
wheat size) and passed through a brick-lined revolving cylinder, heated by 
gas from a Taylor producer. The heat of the furnace was regulated ac 
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I Uiat tlic orv ifisuiil from it at a briglit red. The hot ore was conveyed iiilr 
I ■ rvvohing cooler, iirouud tlie surface of which cold water was sprayed. 
After coolinp, it was sifted to renioTe imbumed coal (which wag used sob- 
■cqtientl.v on the (imten of the zinc ozide furnaces, whereby the small qiian- 
I titjr of zinc retained by it was recovered), while the ore itself was collected 
'. in bins, whence it was led to three Wcnatrora magnetic separators, arranged 
( in 8criti?. 'ITieee machines were run so as to make a clean non-magnetic 
product of willcmite, unkite, calcite and silicates, and a magnetic product 
Gonsisliug uhiefljf iif franklinite. The latter was sent directly to the oiide 
fumaees; the former to jigs and tables by which the calcite and Eilicata 
wiTe ri'movi-d. The final products were: (!) magneiic, franklinite and 
willcmite, assaying al>out 29-66% ZnO, 37-30%. Fe, and 9-34% Mn; (II), 
iion-magiiplic, heavy minerals, chiefly willemite, assaying from 46-38% Zn, 
3-T6% Fe, and «-68% Mn. to 48%'Zn, 2% Fe, and 7% Mn.; and (III) 
non-viagnetic, light minerals, chiefly calcite and silicates. The promas 
gave good rosulte ; hut the cost of the roasting and the uncertainty of pro- 
ducing a uniformly magnetic product led to further experiments, from 
which a direct separation of the minerals, without previous roasting, vii 
developed by Mr. J. P. Wethcrill, whose process is described in the follow- 
ing section of this chapter. 

Separation of Fe^ly-Magnetic Minerals. 

It has been shown by Faraday. Plucker. Wiedemann and others that m^- 
netism is an inherent property of all substances ; which are either attracted 
or repelled by the poles of a magnet, though in most substances the mani- 
festation of that property is exceedingly feeble. Those substances which an* 
attracted are said to be paramagnetic; those which are repelled are diamag- 
nctic. Tiie paraniagneties show a wide variation in magnetic intensity; the 
diaTuagncties show but slight deviation in intensity as compared with air, 
which is the neutral substance. Taking air as unity, the diamagnetic in- 
tensity of hismnth is only 0-i)i)989 and bismuth is the most diamagnetic anb- 
stance known ; on tlu? other hand, among the paramagneties, if the attrarta- 
bility of steel be assumed as 100,000, that of magnetite is as high as 65,000, 
while siderite is only 120, hematite 93 to 43 and limonite 73 to 43. There 
is little data as to the relative magnetic attractability of various minerals,' 
and in any easv such figures would not be of great value owing to the TWi- 
able influence nf impurities. 



' Plilclter has glvcQ the foUowtog d«ta as 
1 the mngnetlc iwrmeabllUy o( various 
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For practical purposes it. may be considered that all minerals containing 
manganese and iron, even garnet, are paramagnetic, except pyritc, which if 
paramagnetic is so feebly so that it cannot be separated from the diamag- 
ncties, while quartz, calcite, dolomite and the zinc minerals (except frank- 
Unite and ferruginmiB blende) are diamagnetic. Pure blende is abeolutely 
diamagnetic, while ferniginoue blonde is more or less paramagnetic. This 
difference is of great practical importance. In effecting a separation o£ 
pure blende from pyrite, as must be done with some of the Joplin ore, it is 
necessary to subject it to a preliminary roasting, because both the llende 
and the pyrite are diamagnetic. The blende of Leadville, Colo., on the 
other hand is ferruginous and sufficiently paramagnetic to enable it to be 
removed from the pyrite, which is mixed with it, without any preliminary 
treatment. According to Langguth' the magnetic permeability of blende 
varies according to its tenor of FeS or MnS. 

Althoiigh the weak magnetism of many minerals besides magnetite and 
pyrrhotite was common knowledge for many years, it remained for J. Price 
Wetheril!, general manager of the Lehigh Zinc Co., of South Bethlehem, 
Penn., to invent a practical machine developing such high magnetic inten- 
sity that advantage could be taken of this property for the commercial sepa- 
ration of various minerals, which either could not previously be converted 
into magnetic forms at all or could be thus converted only with diiSculty 
and by delicate manipulation. Although the Wetherill machines are applic- 
able to a great variety of metallurgical processes, they were designed pri- 
marily for the treatment of the mixed zinc ore of New Jersey, and in accom- 
lishing that to perfection, besides furnishing a means whereby the mixed 
ilphide ore of Broken Hill and Leadville can be separated, and whereby 
fon can be largely removed from any zinc ore, tbey have constituted one of 
e most important contributions to the metallurgy of zinc in recent years. 
Their efficiency is so great that they are bound to be used in any new instal- 
ition for the separation of blende and siderite, or calamine and limonite, 
istead of the simple magnetic machines described in the first section of 

8 chapter. 

\ Tee Wetherill Separator. — The Wetherill magnetic separators' are 
Bsigned on the principle of developing a peculiarly high magnetic power, 
icient to aet on minerals of such low magnetic permeability as limonite, 
latite, siderite, etc. They were made originally of two types : { 1 ) espe- 

■WetherlU aepardttng Co, of New York. In 
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dally for the trt«tnii;at of finf ores and those from which rich 
I hi-nde arc- pBrticulnriy thought; and (2) e&peciaUy for comparatively coarse 
otre and those from which a cKnn non-magnetie product ie desired. 




Figs. 36 and 37. — Plan asd Elevation of Wetherill Magnbtio 
Separator, Type So. 1, 

The first type of machine is Bhown in Figs. 36, 37 and 38. This machine 
consists essentially of two magnetic coros and bobbins AA, and four pole 
pieccB, BBBB, which are pointed in the manner shown and are adjustable bj 
the bolts C, BO that they may be moved nearer together or further apart, as 
may be desired. For substances of very low magnetic penneability two of 
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He pieces are dispensed with and a solid yokL- is ueud insti.'ad; for s 
e of higher magnetic permeability, such as garnet, franklioite, sideritej 
! yoke may be removed and two pole pieces substituted for i^ 
n. A belt D, shown in Figs. 36 aud 38, driven in the dircctioa 
ke arrow by the pulley E, sliown in Fig. 36, passes between ths 
tive and positive poles. The ore is fed from a hopper, F, by means of K 
^Iler G, upon a belt, H, which carrieB it in a layer, say ^ to °/,„ i 
^ to and over the pulley J, which is of a small diameter and rotates iMi> 
te axle E, so arranged that it may be raised or lowered by the adjustable 
tog P. The ore is thus delivered in close proximity to the space bfr 
It the poles and the magnetic particles are withdrawn and lifted into 
dghly intensified field existing at that point. They are removed by the' 




38. — -Sectiox of I'oLK Pieces of Wetherill Maonetic Sepauatob. 
enlargi^iJ secctun imm rig. 3<9, ubuwlng the arraDgem^Dt of tbe pole pieces mid the 
feed belt: 

(ontal belt D, and carried into a receptacle L. The non-magnetic tails 
from the belt H into the receptacle M. The intensity of the magnetic 
wtion can be accurately adjusted by changing the distance of the feed 
from the pole points, or by changing the distance between the pole 
b, or by changing the amperage of the current. 
t machines of the second type, shown in Figs. 39 and iO, the magnetic 
B adhere to the feed belt as it rounds the pole points, while the non- 
Btic material falls away from it. The machine consist.'; of magneto 
1 bobbins A, yokes B, pointed pole pieces G. belts T> passing, 
the pole pieces in the manner shown, ore hoppers E. feed 
B F, and chutop 0. whirli M'^y-' '■'^r. n--. It, ^ thin Invor on the belts J 
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I The bells travel in the direction ol the arrows and deliver the ore liirectl 
Info the opening between the pole pieces, the distance apart of which is ad 




Pigs. 39 akd 40. — Sidk Elevation axu Horizontal Section (W 
Wetherill Magnetic Sepakatoh, Type No. 2. 



justable. Two stiutters UH, one bencatli the point of each pole piece, are I 
justable po that the magnetic particles wliich adhere slightly to the pole piw 
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ire carried to one side by the moving belts D into the receptacles MM on 
ther side of the shutters, while the non-magnetic fall through the space 
l>etween the shutters and into the receptacle L. The separation may be 
regulated by varying the position of the shutters, the speed of the heltB. the 
distance between the pole points, or tlie volume of current. 

The machines described above were the earlier forms, as illustrated by 
Messrs. H. A. J. Wilkens and H. B. C. Nitze in Trans. Am. Inst. Min. Eng., 
XXVI. 351 et seq. These have been superseded by others, which although 
operating on the same general principle show considerable improvement in 
their mechanical features. The main credit for these improvements is due 
■to Mr. Lewis G. Rawand and Jlr. Mas Schiechcl, the former having been 
i^onnectedwlth the exploitation of the machines in America and the latter 
having been in charge of the operations in foreign countries.' 

The machines now in use may be divided into two types: (1) those in 
which the magnetic particles are lifted and carried away from the non- 
I magnetic; and (2) those in which the course of the moving ore is influenced 
magnetically in such a way as to carry the various ingredients in separate 
' directions, according to their magnetic permeability. 

The most highly developed machine of the first class is illustrated in Fig. 
43, while its method of operating is shown diagranimatically in FigE- 41 
and 42. This has a horizontal carrying lielt which passes between the poles 
of a pair of magnets, as represented in Fig. 42, the pointed pole pieces PP^ 
of the upper magnet M being placed close to the flat pole pieces LL' of the 
lower magnet W. The discharge belts T and 3" pass around the poles of 
Ihe upper magnet, as shown in Fig, 41. In Fig. 42 only one pair of mag- 
nets is shown, but generally this t^^'pe is arranged with two or three pairs, 
the latter number being shown in Fig. 43. The standard machine of this 
type has an 18 in. carrying belt. The current employed for three pairs of 
magnets is approximately 5-|-15-(-30 amperes at 110 volts; the mere driving 
of the belts does not require more than 0-5 h. p. The capacity of the ma- 
chine ranges from 600 lb. to 12,000 lb. per hour. Such a machine costs 
$.3,850 f. o. b. New York, besides which the owners of the patents demand a 
certain royalty per ton of product for the license to use it. 

A machine of the second class, which is used in Europe and Australia 
for ores that are only slightly magnetic, is illustrated in Fig. 44. In this 
there are three magnetic coils and pole pieces. The pole point P, which 
does the active work of separation, is of opposite polarity to the points P' 
and P°, Around the pole point P passes a thin linen belt F, on which the 

I is fed from the hopper H by means if the feed roller P. When the ma- 
' n, A. ,T. Wllkon-i. TU- Mlnernl [ndnslry. X. 770. 
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Iterial reaches the polo point P, the inagnL-tic particles adhore to the fct*! 
I belt f as it roiinds the point, while the noD-magnetJc are thrown off bj llie 
I .momentum imparted to them hy the bell. By means of Ihe Bhutt«r S, wlucli 
I can be adjusted with a small set screw, the two grades of ore are acciirateli 
I K'paratcd. This machine operates suceessfullj on materials of very -Jight 
I magnetic permeability at the expense of a comparatively low magnetic cur- 
1 rent, it being only necessary to hold the material for a moment againsl lin- 
r pole point as compared with the necessity of actually lifting the materialt in 
[ machines of the type shown in Figs. 41 to 43. There is some wear of 1!!l' 
I feed belt while rounding the pole point P, as well as that of the pole poiii[ 
itself. The proper adjustment of the shutter S, as well as that of the wliol 
machine, is a somewhat delicate matter, and its use is advisable only when 




Figs. 41 axd 42. — Modkhn Form of Wethekill Separator wttb 

HoKizoNTAL Belt. 

the ore is so slightly magnetic that it is impossible to make satisfacioij 
separation with the machine shown in Figs. 41 to 43, 

A three pole machine which combines certain of the features of the two 
types described above has been iised in Europe to a considerable ext^at. In 
this the feed belt passes around a roller below the fiehi of the thrw magnets, 
which are themselves surrounded by a take-off belt. As the ore reaches the 
magnetic field, the non-magnetic material is dropped by the feed belt 8s it 
passes over the roller, while the magnetic is lifted by the magneta to tlie 
take-off belt and is carried forward thereby. In operation the take-off lielt 
ia needed more to keep the pole points clear than to hold and carry the ore. 

Theory of the Wetherill System. — It will be observed that the Wetherill 
machines do not differ essentially in mechanism from certain of the simple 
magnetic separators which have heen used for varions purposes. Their 
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ilty and the principle upon which they are designed are in the produc- 
. of an intense magnetic field, which is obtained by the almost perfect 
Sensation in the pole pointa of the vast number of magnetic Hnes gen- 
led in the large and cuirectly proportioned cores, yokes and pole pieces. 
ifes&or WilUam A. Anthony expressed concisely the difference between 
principles of the Wetherill and other magnetic separators as follows:* 
Btead of small magnet cores and large air gap area, there should be large 
jnet cores and small air gap area — large magnet cores to reduce the 
istanee and permit of the production of a large number of magnetic lines, 
t a small air gap area tbiough which all those lines must pass, and in 




44.*— Modern Fokm of Wetherill Separator, Three Pole Type, 

ich, therefore, they are crowded together, which is the same thing as 
fuig that the magnetic force is intensified." This condensation is so com- 
plete in the Wetherill machines that the current of one bluestone cell, such 
as is used in telegraphy, is too powerful to permit a satisfactory separation 
of magnetite,* and for that purpose its strength must be reduced by resist- 
ance coils, in order to prevent tangling and allow the belts to draw the ore 
away from the pole points. The magnetic inteneity of the poles can be 
regulated with such delicacy, by varying the current, that from a mixture 
jf garnet, monazite and rutile the monazite can be removed at one operation, 
ifter which by a slight variation in the current the garnet and rutile can 
'K separated. 
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The Toliuuo of current requireJ li_v the WetheriU magnet 
tiTi'ly small. In the separation of tlio franktinite from the Xcw Jersey ziiu 
ore, three to eight amperes and 16 to 30 volts are necessary; for limomte 
•nd pyrolusite 10 to 15 arapfree are required. The capacity of the macMnea 

from 600 to 13,000 IIj. piT hour, depending upon the number of pole 
piecpB, the width of the carrying belt, the speed of the belt, the Toliimf and 
inteDBity of the current, and the size and character of the material operattd 
upon. 

Conditions of Prartii-al Application. — In the employment of the WetheriU 
process for the separation of minerals it is important to Euhject the ore to i 
pulverization sufficiently fine to free the component minerals, which must 
then lie sized carefully by screening. It is quite as important to avoid the 
production o£ an excessive proportion of fines in crushing ore for this procea 
Bs it is in crushing for gravity separation. Tt it impossible to determine in 
advance the proper belt-speed and magnetic intensity of the separators, whicii 
can be settled only by experiment. The more intense the concentration of 
the lines of force in the magnets, and the greater the quantity of electric 
energy, the more speed at which the belt may be run, and the greater the 
speed of the belt the greater is the capacity of the separator. Tn practice, 
however, a limit to the capacity is soon reached, inasmuch as the intensity 
of the magnetic field cannot be greatly increased, since the poles of the 
electromagnets are designed to correspond approximately to a detenuineJ 
maximum of lines of force produced in the magnetic field. The quantitr 
of current required for a separation cannot be predicted in advance, more- 
over, because of the varial>ility in the magnetic permeability of the same 
mineral from different deposits. 

Peactical Eesi'ltb of thk Wetherill System,— The WetheriU system 
is now in use for the treatment of zinc ores at Franklin Furnace, Tf. J., 
Austinville, Va., Warren. N. F., Washington, Ariz., "Kokomo, Dmver 
and Canon City, Colo., at Ems, Qladbach, TTamborn. Lohmansfeld and 
Friedrichssegen, in Germany, and at Melbourne and Broken Hill, N. 8. W- 
It has been tried on a working scale at Joplin, Mo., but the plant there ia 
not at present in operation. The results obtained at some of those placi'i: 
are summarized briefly in the following paragraphs: 

Austinville, Va. — Tn separating a mixture of calamine and limonite oli- 
tained from the jigs at the works of (be Wythe I>cad and Zinc Co. at Aus- 
tinville, Va., 100 parts of ore. ns?i)> in;: lS.fiO% Fe and ?9.57% Zn. yielded 
(57 parts of zinc product, assaying 341% Fe and 41-40% Zn. and 
of iron, assaying 4f»4.'i% Fe and .').5R'y^ Zn. 




t OF ZINC OIIT'-B. 



Mine IlHl and Franklin furnace, N. J. — The largest and most important 
istallatioD of the Wrtherill proceee has been made by the New Jerwy Zinc 
(o. at Mine Hil], where a plant of 500 tons per day capaeity has been in 
peratioQ since 1896, while a new mill of 1,000 torn per day capacity at 
'rankJin Fnrnacc was completed in 1901. Both of these are for the sepa- 
ation of the mised franklinite and willeraite obtained from the minea near 
y, which have bivn described in a previous chapter. 

At the Mine Hill works the ore passee first over a grizzly with 1-5 in. 
pacee, the undereize going to an inclined screen with 0-.5 in. holew and the 
iversize to a Blake crusher, which delivers its product to a screen with 1 in. 
loles. The iindereize from the latter screen la received on a picking belt, 
Tbich aleo takes the oversize, this arrangement being to reduce the wear of 
he belt, inasmuch as the coarse ore falls upon a cushion of fine ore. The 
iversize from the 0-5 in. screen is delivered to the same belt. Cliran waste 
6 picked from the belt, which convoys the enriched ore to a Blake duplex 
[?ruKher. The product of the latter passes to two trommels with 0-25 in. 
holes, from which the oversize goes to the rolls and the undersizc, together 
»rjth the material which passed through the 0-5 in. screen, is delivered to 
an Edison dryer. The latter is a tower, 3 ft. square and 21 ft. high, with 
zigzag shelves, set at 45°, down whieh the ore slides while the products of 
fombustiou from a fireplace pass over it. 

The dry ore is deHvered to foiir trommels, coveriKl with eight-nicsh wire 
doth, from which the oversize is crushed finer by rolls and then goes with 
the undersize to six trommels, covered with 10-meah wire cloth. The over- 
size from thfe 10-mesh screens is passed through a foiir-mosh screen to remove 
nails, splinters of wood and other rubbish, and after being crushed finer hy 
rolls is returned to the 10-mcsh trommels. The material which passes 
through the lO-mesh screens is received in storage bins, whence it is drawn 
to the magnetic separators as required. 

In the separating department the ore passes first over six Wetherill double 
machines, whieh yield franklinito concentrate and mixed tailings. The lat- 
ter go to two trains of sizing trommels, one on each side of the mill. Each 
train consists of four trommels covered respectively with wire cloth of 15, 
?4j 30 and SO-mesh, They make five sizes of ore, which are delivered to 
storage bins, whence thoy are drawn to separators on each side of the mill. 
Each size passes over a series of three machines, the second taking the tail- 
ings of the first and the third those of the second, the concentrate of each 
machine being franklinite. The machines which treat the finest size are of 
^be sloping type; the others are horizontal, 
HOn each side of the mill there are four TT.nrz jigs, of wliieb N""^, 1, ■? iinJ 
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1 have four coinpartnu-nts, ami Xo. 3 has ttirei! compartments. These' 
reire the tailinga from tho first four series of magnetic machines and make 
a coneontrate. conf^islinK of willcmite and Kinkite, and tailings consisting 
chiefly of caleite and quartz. The concentrate is dried in a revolving cylinder 
with longitudinal ribs inside, wliich is heated by direct firing. The tailinge 
from the fifth magnetic machines are so rich in willenilte and zinldte that 
they do not require a further concentration by gravity. 

According to J. P. Wcthcrill,' the cost of treating 4,812 long tons of ore 
in February, 1897, was 74-5-lc. per ton, of which 53-32c. was for labor, 8-77c, 
for coal and 12-45c. for repairs, renewals and miscellaneous supplies. Out 
of 30,311 tons separated up to April 1, 1S97, there were produced 28,45S 
tons of franklinite, or 67-48%, 7,271 tons of willemite and zinkite, or 
a3-99%, and 3,585 tons of tailings. The franklinite assayed 29-47% Fo, 
13-57% Mn, and 22-94% Zu. The rained willemite and zinkite assayed 
2-20% Fe, 5-15% Mn, and 48-96% Zn. The grade of the latter varied from 
40-5% to 53% Zn, according to the quantity of zinkite contained in the ore. 
The tailings averaged 4-19% Zn.' In 1900 the two mills treated 160,640 
long tons of ore, which yielded 148,917 tons of concentrates, or nearly 93%. 

In mill No, 2, near Franklin Furnace, the Edison system of fine crushing 
was first employed, hut it was found to produce too high a proportion o! 
fines and ordinary rolls were substituted for the Edison kind. This mill has 
17 machines, each with three pairs of magnets, and treats 70 tons of ore per 
hour at a cost of about 40c. per ton. 

Joplin, Mo. — At the Empire Zinc Co.'s smeltery at Joplin, Mo., Wetherili 
machines were employed for the removal of iron from certain concentrated 
blende which was considerably higher in pyrites than the average of tie 
Joplin district. The ore was first roasted dead, as in the ordinary pre- 
liminary to distillation, the iron sulphide being thereby converted to oxHe, 
which is susceptible to tho magnetic influence of the Wetherili machines'. 
The roasted ore delivered to the machines assayed 8% Fe. It was passod 
over two maeliines in series at the rate of 10 tons per S4 hours, the result 
being a zinc product aasaj-ing only 2% Fe, which went to the distillation 
furnaces, and an iron product assaying 15% Zn, which was thrown away. 

Denver, Colo. — At the works of the Colorado Zinc Co. miied sulphide ore 
from Leadville and Kokomo is treated. The ore is crushed to SO-raesti 
size by means of a Gates crusher and rolls, and after an hydraulic classifica- 
tion is washed on eight Wilfley tables. The latter produce from Leadville 
ore a galena concentrate assaying about 50% Pb, 13% Fe. 9% Zn and 

' Eng. & UliL Joum. July IT and 24, 1867. oZ 27-^% Zn Id the crude ore In Uie •ctaal 
•Theae analfsm show sn avfiUBe teanr milling nf 30,311 tons. 
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oz. Ag. ptT ton, and a pyrites-blendi- assaying about ai-S^^ Fe, 30% 
n and 5% Pb. The pyritis-blende is dried and then is fed to the U'L'tliiTill 
lagnt'tic separators, of which there are two; they make a bUmdi' cuiicen- 
rate assaying alwut 50% Zn, 12% Fe and 1% Pb (the iron l>eing eliiefly 
uiitaiiiL'<l in the blonde aa uionosulphide), and pyrites tailings which con- 
ain about 7 or 8% Zn and 10% Pb. The tailings from the separator are 
xetl with the galena concentrate from tho Wilfley tables and sold to the 
id smelters. The Wetherill separators treat about 24,000 Ih. of material 
per 24 hours apiece. They are of the design shown in Fig, -i'i. Tlie belt 
1. wide and there are three magnets, which require respectively 7, 11 
find :;*;; amperes of eurrent, a total of 40 amperes, at 115 volts. 

Lohmanmfrld, Germany. — An inleresting installation of the WetherUl 
been made at Ix»hiiiannsfeld. in the Sicfren district. Uennany, at 
ich place a deposit of ore consisting of galena, siderite and blentle. with 
igue of quartz and quartzite is; worked. The siderite (spathic iron ore) 
itainB up to 13% of manganese. By the ordinary process of meehanjcul 
arntion it was inipossilile to obtain from this ore any concentrate but 
of various classes, while blende and spathic iron could be got only b\ 
.expensive system of hand sorting. The third and fourth compartments 
the Harz jigs furnished always a mixed product containing from 2 to 3% 
and 15 to 29% of blende, according to the tenor of blende in the 
ide ore, the remainder iM'ing spathic iron. The quantity of this iniTed 
Dduct ranged from (500 to 750 metric tons per month. In order to pro- 
!e a marketaiile blende it was necessary to roast the mi.tture to transform 
ferrous carbonate into magnetic oxide, which could then be removed by 
dinary magnetic separators. The company operating at Lohmannsfeld 
being able to install roasting furnaces at its mines, was obliged to sell its 
;ed product under very unfavorable terms, the average price realized at the 
le being from 12 to 15 marks per metric ton. Experiments in separating 
ore crushed to 'i mm. size by means of the Wetherill machines gave such 
vorahle results that it was determined to make an installation of them. 
The crude mineral sent to the Wetherill plant is the middlings from the 
arz jigs of the wet-dressinp works, varying in size from 1 to 10 mm., and 
itaining from 5 to 20% of water. The arrangement of the plant is shown 
In the accompanying engravings. Figs. 45 to 48. The mineral is ilricil 
■hile being movefi forward by means of a screw conveyor, the trough of 
lich is made double, of cast iron, eshaust steam from the engine being 
issed between (iie two sections. The speetl of the screw A is such that the 
leral remains in the trough 30 minutes, while in the trough B it remains 
minutes. These conveyors discbarge the dried mineral inl 
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r-rommels. A, and A^, by which it is separatcil into two classes. That 
which is finer than 3 mm. falls into the hoot of the ele\-ator C,, whicli raises 
-t to the main system of classifying tromniels; that which is larpor than 
3 mm. passes to two sets of rolls, whereby it is crushed, falling thence into 
die pit Bs, whence the elevator T, raises it to the trommel .4., to separate it 
into mineral smaller than 3 mm., which falls into the pit i)„ and mineral 
larger than 3 mm., which \s returned to the rolls. ^ 




..^ ^^^ ^.»':7„ + „.._4- 

fiQ 46. — Transvebse Section of Wetuebill Magnetic Separatinq 
Plant at Lohmannsfeld, Germany. 



All the mineral crushed to pass a 3-mm. screen is collected therefore in 
the pit Bij whence the elevator C, raises it to the train of sizing trommels, to 
reach which, however, it has to be conveyed by a horizontal belt Z), over 
which it Get a powerful electro-magnet to pick out strongly magnetic articles 
such as rivet heads, small pieces of iron and steel, etc. 

The sizing trommels separate the mineral into four classes, namely, 3 to 3 
mm., 2 to 14 mm., 1'4 to 0'75 mm., and that which is smaller than 0-75 mm. 
The separated classes pass thence over three series of Wetherill separators of 
the two-pole and three-pole tj'pes, arranged two m a series In the first 
member of each series, pure spathic iron is scpinted h^ a feeble current. 

Idiamagnetic product passes to the lower machine where the intensity 
H 





Fig. 48. — Tuansverse Section of Wethekill llAGSfETic Separatinb 
Plant at Lohmannsfeld, Gebmany, 



Wetherill machines used at LohmanuBfeld is 340 mm. The belt speed of 
the upper machine is 40 m, per minute; of the loper 25 m. The current 
employed is of 65 volts electromotive force ; the upper machine of the two- 
pole type works with IS amperes; the lower with 14 to 16 amperes. For 
machines of the three-pole type the corresponding figures are five amp&res 
for the upper and eight amperes for the lower. 

The plant is capable of separating 3 to 3-5 metric tons of crude mineral 
per hour, the crew required for its operation being as follows : One fore- 
man, five 10 to IS-year-old boys, one machinist (engineman) and one stoker. 
The cost of treatment (year's average) is 1-4 marks per metric ton of crude 
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niinertl, do unortization of the plant being reckoned. The plant cost about J 
100,000 niarkB. Allowing 20% for amortization, =20,000 marks per an- 
num on 8,000 tond (the capacity of the plant) the total cost of tteatnieDl 
is 3-9 marks per ton. The value of the ore sent to the works being 12 to 15 
marks, the total cost of production ia 15-9 to ]8'9 marks. The value of tht 
blende recovered from a ton of crude mineral varies from 38 to 35 marks, 
80 that the plant yields 16X8,000 markB=128,000 marks per annum, not 
allowing for ro}alty on the procesB. 

Broken llill, N, S. W. — The middlings of the dressing works of Broken 
Hill, containing a mixture of galena, blende and garnet, were successfnllj 
treated in 1899 (when the price of zinc was high and exporting condition) 
were favorable) by the TVetherill process, for the application of which then 
were installed two plants, one with a capacity of 30,000 to 35,000 metric 
tons per annum, the other with a capacity of 20,000 tons. The material oper- 
ated upon assayed 25 to 30% Zn. 8 to 10% Pb and 300 to 400 g. of ailrer 
per metric ton.' In separating the component minerals by the Wetheriil 
process the ore was first dried and then classified into three or four sizes. 
The ore being already of loss than Z-S mm. size for the most part, it WM 
necessary to crush only the small percentage which was in excess of thai 
eize. The dry, sized mineral was delivered to the Wetheriil aeparators, ar- 
ranged in series. The first machine of each series separated the garnet and 
rhodonite, amounting to 15 to 25% of the weight of the crude mineral. The 
losses in blende and argentiferous galena in effecting the first separation 
were very small. The tailings from the first machines passed to othen, 
which had a more powerful magnetic field and separated as the magnetic 
product blende assaying from 41 to 45% Zn and representing 50 to 75% ot 
the weight of the crude mineral ; this blende contained still about 8 to 10% 
Pb and 350 to 400 g. of silver per ton. As diamagnetic product there was 
obtained a mixture of quartz with 10 to 20% Pb, 10 to 20% Zn and 300 to 
500 g. of silver per ton, this product constituting about 20% of the wdght 
of the original mineral ; it was subjected to a further process of gravity 
separation in the ordinary manner, yielding a concentrated product of argen- 
tiferous galena. Tlie total recovery of zinc varied from 80 to 90% of that 
which was contained in the crude middlings. The cost of the process was 
said to be a little less than the cost of wet concentration in the ordmarv 
manner as practised at Broken Hill, 

The figures quoted above were token from a paper by M. Smits, read be- 



1 Thia mstprlal was tonaldErablT rleber 
tlian the average of the "zinc mlddllnss" 
made b; the Broken Hill dressing works, 
whlrb aMordlng to T, J. Greenwny (In The 



Mineral Indnstrj. IX. 7B2) contain B to 8% 
Pb. 15 to 25% Zn. and 5 to 10 o«. ailT«r 
pvr ton. Data as to the aaany of th» crude 
I'rc will hs found on p. 22fl, 
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^Be the Congres International des Minos ot (1l> la Metallurgie of the Ezpo- 
^^■on of 1900 at Paris and reprinted in the Bulleiiv dc la SociStS de I'ln' 
^Kftrie Mimrale, vol. XIV, 1900. According to T. J. Griwnway, a recognized 
^^Kiority on the dressing of the Broken Ilill ore, tlie separation of the ore 
^Hthe Wetherill plants was made in three classes, namely ; 1, non-magnetic 
^^uerial consisting chiefly of quartz, blende containing a large portion of 
^■d, and free galena, the whole averaging 18 to 20% Pb, 18 to 22% Zn, 
^H| 8 to 12 oz. silver per ton. II, weakly magnetic concentrates containing 
^Bo 10% Pb, 35 to -12% Zn, and 8 to 12 oz. silver per ton; and II, strongly 
^Btgnetic material consisting chiefly of rhodonite and garnet and assaying 
^Bio 6% Pb, 6 to 8% Zn, and 4 to 6 oz. silver per ton. 
^■The zinc product was shipped to European smelters ; the other products 
^Kre piled up for future treatment. The Wetherill plants at Broken Hill 
^^n now (1901) closed down, blende concentrates of the grade made not 
^Hfording any profit over and above the cost of production under the exist- 
^Bg market conditions. 

^V It is obvious that the Wetherill process at Broken Hill was only partially 
^BeceBsful, the unsatisfactory results being ascribable to the exceedingly difB- 
^^ut character of the ore. "The above mentioned operations, as well as ex- 
^^pistive experiments carried on by some of the mining companies, have 
^wndered it evident that the average blende concentrate obtainable from the 
Broken HiU sulphide ore is tinavoidably a complex product containing from 
30 to 407o Zn, from 6 to 13% Pb, and from 6-to 13 oz. silver per ton" 
—(Greenway, loc. cit.), 

HkLa Teieuse Separator. — This machine was used in 1892 at T^urium, 
^Reece, for the removal of iron from a roasted pyrites and blende. It is 
^TOBcribed as having liad two powerful electro-magnets, with poles terminat- 
ing in finger-like ends, mounted in a frame and swung by a rod, with a iini- 
veraal joint, from the end of a counterpoised lever over a tray of ore. The 
rrent could be adjusted to suit the degree of roasting to which the ore 
1 been subjected. The iron oxide having been picked up by the magnet, 
J latter was swung to one side over a receptacle into which the mineral 
H dropped by shutting otf the current. To work 300 to 1,000 kg. of ore, 
laying 22% Zn. in 10 hours, required 2-5 to 3 amperes and 40 volts." 
f Cleveland-Knowles Sepahatoh. — This is a new magnetic separator of 
; high intensity type, in which it is aimed to prevent magnetic leakage 
wpt across the air gap, with the consequent increase of magnetic intensity 
I that point, which should be directly proportional to the decrease of leak- 

fl Davlot, Coniptes Rendiis Mcnaiwis ilertndiia 




2«i 



priomcTiox and puopeiiti kb ' 



iifre at otli*r points. According (o Mr. W. P. Cleveland, one of the inyentori 1 
of the machine, to whose courtesy these notes are due, that result is attained I 
bv providing a return path for the linefi of force, from polo to pole of th« 1 
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niagntt, of a greater permeability than air. wherefore all lines of force will 
pass through the conductor in preference to leaking through the air againPt 
a greater resistance, and will pass across the magnetic field with all or ncarlv 
all of the initial intensity. 
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^ conBtructJon, the magnet is iron-clad, i.e., the coii ifi entirely sur- 
uded by one of the poles itself. The magnetic field is therefore endless, 
ig in the form of a circle, one pole eoneentric with the other and the space 
ireen them filled with a diamagnetic material. Two of these magnets, 
med respectively the "rougher" and the "cleaner" are revolved in a hori- 




FlG. 50. — C LEVEL AN D-KkOWLES JlAGXETIt' SEPARATOR. 



J plane above an endless conveying belt, upon which the ore to he sepa- 

1 is evenly spread. In passing beneath the magnets, each of which is 

IS to offset the belt on one side, the magnetic mineral is attracttj 

j^earried to one side of the belt, where it is removed from the magnet by 

taper and is dropped into a collecting eliute. A current of 



iiie niagnei uy j 
. of 0-5 ampere M 
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U employed (or the "rougher" magnet and one of 6-5 amperes for 
"cleaner." 

The Cleveland-Knowles separator has been in use since September, 1! 
I at the works of the Joplin Separating Co , at Jophn, Mo , where aboul 

r 




Figs. 51 and 52. — Clevelakd-Ksomi,es Magnetic Separatos. 

9cbI«, 1 In.^l ft. 

tons per 24 hours of blende-pyritcB concentrates are treated. The mil 
is first subjected to a light' preliminary roasting, in order to render 



' Doctor William B, Phillips as thp re 
of a series of eiperlmeDts For the separa 
of pjtlte from blemJe produced by o mln 
Sevier County. Arkanaaa. came to the ■ 
duBlon that It was unnpoeasary to reit 



more than mr tbird of the sulphur c 
or« In tbe roasting process prellmlna 
magnetic separation ; and that there « 
tact a poaltlTs dlsidvuitage Id ati 
roBsMng the ore, which led not only 
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yrite uiafmetie, and is then passed to the separators. The results of » 
ork that has been done are shown in the following table: 




Fios, 53 AND 54. — C LEVEL AN d-Knowles Magnetic Sfp abator. 
CaiLH IN kaonetb. 
1 ln.=l ft. 



Soiirqa of Ore. 


«is: 


AH«rQt Crude. 
% Zn. % Fe. 


'%?;n. ""TfC. ' 


aS-JS-;:::::: 

Oronofo. lAa'.'.'.'.'.'. 


10 S tons 

f 8 ■■: 

220 ■' 


53 97 


600 

,11 


63 25 
58;3S 


1-33 



The Cleveland-Knowlee separator is controlled by the Magnetic Separat- 
ig Co., of Joplin, Mo. It is illustrated in Figs. 46 to 51. 
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MiD. Joaro.. Not. 30, 1901, p. Till 
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The value of a Kino ore depends upon its tenor in zinc and objectionsW* 
impurities, especially iron and manganese, and its character, oxidized n 
sulphide; it is influenced also by its contents in lead and silver, alwajs 
in so far as they reduce the percentage of zinc and contaminate the spelter 
and in certain cases in so far as they may be recovered separately. Obviouslj' 
the value of a zinc ore is affected also by the market price of the metal 
The most valuable zinc ore imaginable is a pure, dense zinc oxide, containing 
80-344% Zn, which is the compound reducible at the minimum cost, and 
with the minimum loss of metal. As the tenor in zinc falls the cost 
of smelting rises; consequently the same quantity of zinc in an ore 
assaying 70% is worth more than in an ore assaying only 60%. 
For example, suppose there be two ores of similar character, 
except that one contains 70% Zn, while the other has only 50% 
the cost of freights, smelting, etc., being $10 per 2,000 lb. of ore and the 
recovery of metal 80%. The high grade ore on the above assumption will 
yield 1,120 lb. of zinc per ton and the low grade 800 lb. Assuming that the 
product is worth 5c. per lb., delivered at the smelting works, the value (with- 
out reckoning amortization, profit, etc.) of the high grade ore would be 
$5ft— $10^$46 and the value to the miner of the zinc in it would lie 
$4f)H-l,400— 3-286c. per lb. ; similarly, the value of the low grade ore would 
be $40— $10=$30 and $30-^l,000=3-0c. per lb. of zinc. Obviously, the 
decrease in the value of the zinc in an ore with decrease in the grade of | 
the latter is greater the higher the cost of carriage to the smelter's worts I 
and the cost of smelting per ton of ore. In the above example the cost of 
smelting per ton of ore and recovery of metal have been assumed the same 
for the high grade as for the low grade, though practically there would be a ' 
difference in favor of the higher grade. 

The cost of smelting a calcined or roasted ore is increased moreover br 
the presence of those impurities (sulphur, iron and manganese), which-roa; 
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cause an increased loss of zinc and perliaps a greater consiuuption of fuel and 
reduction material. In referring the coat of siiiolling to terms of crude ore 
much will depend upon the relative cost of calcining calamine and roasting 
blende, the percentage of weight lost in each process, and the value that 
may be realized from the sulphur of the blende in the manufacture of buI- 
pluirie acid. The effect of other impurities such as lime, fluorspar, arsenic 
and antimony, which may contaminate the products and otherwise interfere 
in the process, must also Ik; eonaidered. It h essential therefore in estali- 
lishing the value of a zinc ore to determine its composition ; as a preliminary 
to which a representative sample is necessary. 

In Europe most of the zinc ore which is smelted is bought on the basis 
of its zinc tenor as shown by sampling. In the United States comparatively 
little is bought in tliat manner. This i.* because of the peculiar conditions 
of the Joplin district, where the production of ore is made by a host of small 
miners, who expect cash immediately upon the delivery of their product, 
or rather at the end of the week of delivery and in many cases desire to 
realize on less than carload lots. It would be ejttreraely difficult in view of 
the conditions of production to change the custom of biiying and selling 
the ore so as to put it upon a strict basis of sample and assay, although 
during the last two or three years there has been a tendency to do bo as far 
as practicable. 

Besides serving as a basis for the purchase of ore a sample is important 
as a basi.s for the control of the smelting process, wherefore even if the ore 
be not bought in that manner everything received at the smeltery should be 
sampled there for a guide in the metallurgical work. It is only recently that 
this has been done at all in the Kansas and Missouri smelting district, bnt 
most of the large concerns now employ chemists and sample the ore received 
noro or less carefully. Systematic sampling may also be made of ad- 
vantage in the operation of dressing works, although it is only in rare 
instances that the design provides for doing so, and the introduction of a 
cheap and efficient system presents considerable difficulty. The only way 
whereby the efficiency of a milling or metallurgical process can be accu- 
rately determined is a comparison between the valuable contents of the 
crude material treated and those of the products obtained. Deductions 
from any other data are likely to be misleading. If losses were always 
^ determined accurately, many results which are considered satisfactory 
would prove not bo, unsuspected leaks would be found, and by closing them 

B efficiency of the process would be increased.' 
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Theobt. — In theory the sampling of ore eonaists in a sjstem of sTerag- 
ing, so that out of a large lot, say SO or 100 tons, or even a ship's cargo of 
2,500 tons or more, a small amount, e.g., 500 g, or 1 kg., which is further 
reduced by the analytical chemist to 1 g., may be obtained, which is per- 
fectly representative of the whole lot. That this can be done with inueli 
eiaetncsa is proved by the concordance of the results of sampling the same 
lot of ore by two or more different methods. Whatever method of sampling 
bo employed, the principle consists of the reservation of a certain proportioa 
of the ore in different stages of the process. Its success depends upon 
taking a large proportion of the ore from many different places in the early 
stages, and the thoroughness of the mixture of the particles effected in the 
later. This mixture is accomplished first by simply crushing the ore, and 
afterward, as the reduction in bulk progresses, by turning it over by shovel- 
ing, or by mechanical derices. 

Supposing a lot of 100 tons of ore consisting of pieces of mixed blende 
and quartz, all of 3 in. diameter, were to be sampled, the conventional method 
la to reserve every tenth shovelful in unloading the railway cars or wagons, 
whence there results a first sample of 10 tons, or 10% of the original quan- 
tity. This sample being so large and having been taken at regular interrala 
in the discharge of the ore, the same proportion from all parts, may be 
assumed to be thoroughly representative of the whole, which is the case as 
demonstrated by experience, Jf now the aforesaid sample were to be re- 
duced further in the same manner, without any intervening steps, the final 
result would be one shovelful or one piece, which might or might not be 
representative of the original ore, according to the uniformity of the latter; 
in all probability it would not be representative, the error accumulating with 
each successive cutting out. Consequently, the theory of averages demands 
a breaking up of the first sample into smaller pieces before reducing it in 
bulk any further. 

The idea may be illustrated by supposing that we had a mixture of 9,M0 
white marbles and 1,000 red ones, which it was desired to sample. By 
taking one tenth of them at regular intervals, precisely the same quantity 
each time, we should probably obtain 900 white and 100 red. A second cut- 
ting would give 90 and 10 respectively, if the result chanced to be perfect. 
while the third would give nine and one. A fourth would necessarily pie 
either one white marble or one red one, but in either case the result wouH 
be incorrect. If, however, the nine white and one red had been each broken 
into tenths and the pieees had been thoroughly mixed the averaging mi^bt 
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havt: gone on with as slight chance of error as at the third cutting. It would 
have been still hettcr if they had been broken before the third cutting. If 
these figures were increased many fold the conditions would be somewhat 
analogous to those in sampling a lot of lump ore. 

Crushing Required.— The size to which a lot of ore should be broken 
before each ciitting out, in order to make it possible to obtain a correct 
average, may be calculated mathematically. Such a calculation is based on 
the principle that a certain ratio between the weight of the sample and the 
size of the largest particle having been aasuraed, it shall be maintained 
through every stage of the operation, because the volumes and weights of 
pieces of the samekind of ore are to eachother as the cubes of their diameters. 
Most of the calculations of this kind that have been made have been for gold 
and silver bearing ores, which owing to the more irregular distribution of 
their values are more difficult to sample correctly than an ordinary zinc or 
lead ore. However, a couple of esamplcs of such a calculation will serve to 
illustrate the principle. 

Heed reckons' that with a silver ore averaging 50 oz. per 2,000 lb., con- 
taining pieces as high as 300 oz. per 2,000 lb,, in cutting down from 100 
tons to 10 tons, the pieces of ore may be as large as coeoanut size; from 
10 tons to one ton, orange size; from one ton to 0-1 ton, walnut size; from 
0-1 ton to H lb., pea size: and from 5 !b. to 0-5 lb., fine enough to pass a 
20-mesh sieve. Argall states^ that in sampling rich gold ores with auto- 
matic machines accurate results are obtained when the sample cut out is 
30% of the weight of the ore when the average size of the ore is 1 in., 1-35% 
when the size of the ore is 0-35 in., 0-0785% when the size of the ore is 
0-0625 in. (S-mesh), and 0-005% -when the size of the ore is 0-0171 in. 
(30-mesh). In sampling material of 8-mesh size, therefore, a cutting out 
of 157 lb. from 20,000 lb. should be accurate, although in practical work a 
somewhat larger proportion would be taken aa a matter of extra pre- 
caution. 

In sampling ores for blast furnace smelting, it is objective to avoid 
breaking the pieces smaller than 2-5 to 3 in. size any more than is abso- 
lutely necessary, since that size is the best for the operation of the 
furnace. Nothing of that kind has to bo considered in sampling a zinc ore, 
which, if it is to be reduced by the Belgian or Rhenish process, must be 
anyway crushed finely enough to permit of it being cut down directly to a 
sample of small bulk. The major part of the ore received by the zinc smelter 
is generally a concentrated product, already fine and mixed to a rather uni- 
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fonn composition, w that a comparatively small proportion taken out b^ a 
single cutting will aiford an accurate sample. If the material were abso- 
lutely uniform a ranilum grab eaniple would be quite sitfBcient, but that 
condition is one tliat i^ hardly to It- relied upon. 

The zinc smcltiT dot's nut ibiTet'ore generally have to consider the more 
elaborate sjetems of ^uipling that are neei-ssary with ores of more variable 
ciiaracter and luss uniform composition, but in tliie connection it is well 
to describe briefly the methods employed in other branches of metallurg)', 
whicli may be modified to suit the particular conditions. The sampling 
of ore and other products may be done either by hand or mechanically, or 
by a combination of both methods. Mechanical sampling is the cheaper anil 
the more accurate, but sampling by hand is still employed to a consider- 
able extent and is often necessary in determining the value of occasional 
lots of material for wldch the means for mechajiical sampling might he 
inconvenient or unavailable. 

Sampling by Hakd.- — The method wliieh is the cheapest, when the ore 
does not have to be crushed for another purpose, and at the same time is a; 
efficient as any other, with the further advantage that it can be performed 
satisfactorily by inexperienced men, is known as fractional selection. It 
consists merely in shoveling over a pile of ore, putting aside an aliquot part, 
say every fifth or every tenth shovelful. Thi*- may be done a? the cars or 
wagons are being unloaded. The chief precautions to be observed are to 
shovel always from the floor and work gradually into the pile from one or 
more points of attack — i.e., avoid shoveling around the pile at random, 
which might result in two shovelfuls reserved for the sample being tafcffl 
from about the same place in the pile. 

As in other methods of sampling, the percentage of the ore which maj 
safely be resorved in the first cutting out depends upon the fineness and 
the uniformity of the mixture. If the ore be very fine, two or more cuts 
may be made before further crushing, but the ore should be well mixed each 
time before doing so. Otherwise it should lie crushed finer before making 
the second cut, and so on. For the fine crushing of small samples ma- 
chines of the coffee-mill tj-pe are generally employed. When the sample 
has been reduced to a email quantity, say 200 lb., the further cutting down ' 
is best done by means of a grid or riffle sampler, or the modification of it , 
which is known as Jones' sampler. I 

Thr unmph (iriiiiirr shown in Fig. 5ri has a muller at the head of a vertical i 
shaft, which is revolved in close proximity to an annular die forming a 
continuation of the hopper into which the ore is fed. Below the hopper 
there is a rvlindricnl housing, whirh c'lnfinos tbo onisbed ore and discbnT?^' 
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t through two spouts, below which pans are placed to catch it. The degree 
of crushing is regulated by raising or lowering the muller by means of the 
hand wheel, which controls the lever on wbich the shaft is stepped. The 
machine shown in Fig. 52 has tight and loose pnllevs 16X4-5 in., weighs 







775 lb. (900 lb. boxed for shipment) and roquirea 3 h. p. These machines 
are driven at 150 r. p. m. They cost about $100, f. o. b, makers' works. 

Orid or Riffle Sampler. — The grid, or riffle, sampler consists of a series of 
riffles alternating with the same number of open spaces, the width of the 
rifSes and open spaces being equal, 1 in. width being a common dimension. 
The fine ore being fed in an even sheet by means of a tray of the same width 
as the grid over all, the tray being drawn longitudinally over the riffles, one 
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IbaU will fall through the open spaces into another tray placed undemeBtt 

I while the other half will be caught in the rillles. 

Jones' Sampler. — This apparatus, which is ahoflii in Figs. 57 to 59, is m 

I improvement on the simple riffle and tray, hut works on the same principle. 
It consists of a series of narrow, triangular hoppers, which are joined side 
by side in such a way that alternate divisions point in opposite directions, 

' the whole being supported by a wooden frame. The sample is distributed 
over the top, just as in the case of the simple riffle, and the cuttings are 
received in appropriate pans. Four pans should lie provided, two of which 
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Fig. 56. — Riffle Sampler, 



will be in use at a time. This apparatiis is easily handled and cleaned, and 
permits of quick and accurate work. 

Quartering. — The iirst' sample may also be cut down by the time- 
honored method of quartering, which consists in first shoveling the ore into 
a large ring, each shovelful being thrown on the ring in regular order from 
left to right, or vice versa. The fine ore remaining on the floor inside the 
ring is swept to the center and in carefully gathered up and distributed 
evenly aU around the ridge of the ring. The ore in the ring is then shoveled 
into the center in such a way as to form a true cone. In doing this, it \t 
essential to shovel gradually around the ring, always moving in the same 
direction, and throw each shovelful precisely on the top of the cone, so that 

' By thiB Ib meant the sample obtalnpd 
renrTlng a certain percentage of the shovi 
fnls tn the flrst hardUng of ihe o" "' 
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I particles of ore will distribute themselves equally over the pile. The 
ett of ringing and coning is totnix the ore thoroughly, 
"lie cone having been formed, it is pulled down with the aid of long-handle, 
md point shovela, beginning near the top of the cone, and walking around 
working it down from center to periphery until it becomes a truncated 
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Figs. 57 to 59. — Jonks' Samplei:. 

i7 : Section on line AB o( Fig. 58. Fig. 58 : Plan. Fig. '. 



cone about 6 in. high. This is marked off into quarters by means of a rod 
with a sharp edge and the alternate quarters are shoveled away, whence the 
name "quartering." Care must be taken to sweep away the dust from the 
floor where the quarters have been removed. The remaining quarters are 
then ringed out and coned a,s before, and quartered down until the sample 
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I amounts to 50 or 10(1 lb., after whieli the further reduction is generally done 
I by ri0iing. It is customary to employ two men at quartering, in which 
L case tliey shovel on the ring and cone diametrically opposite to each other. 
f They ought to samjile 2,000 lb. down to 5 lb. in about two hours. The 
I method of sampling by quartering is subject to serious etTors, and although 
1 still employed in numerous works, has been discarded in others as being 
quite unreliable. Some metallurgists do not permit its use for any pu^ 
pose, not even in the assay office, the final reductions being performed en- 
tirely by riJBJng. The objections to the method of quartering arc sound, 
and therefore it is not to be recommended. 

Mechanical Sampling.— Wliere the ore is discharged by grayity through 
R chute, it may be sampled mechanically by means of some device which 
will take out a part of the stream or will divert the whole stream at regular 
intervals. The latter method is the sounder in principle. The objection to the 
mechanical samplers which divert a part of the stream is that the ore is »pt 
to be not uniformly mixed. If it slides down an inclined chute the fine 
particles either will remain on the bottom, while the coarse rise to the top 
and often bound along the surface, or the fine particles, natjrally moving the 
more slowly, will be pushed to the sides, while the coarse p^ss rapidly down 
the center. The metallic miaerals being more brittle than the quartsoee or 
calcareous gangue minerals, the fines of an ore are usually richer than the 
lumps and consequently the stream is of uneven grade. 

In the other class of mechanical samplers the entire stream of ore, good 
and bad, is cut out at regular intervals, the amount taken being regulated 
by the frequency of the deflections and the length of time they last. Thii 
is, therefore, nothing more than a mechanical system of fractional seleetion. 
The machines of this class which are chiefly in use in the United States are 
those of Brunton, Briilgman, Constant and Vezin. For simplicity, cheap- 
ness and efficiency that of Vezin is preeminent. 

The Vezin sampler consists of two truncated cones of sheet steel, joined 
together at their bases, thus producing an apparatus in shape something like 
a can buoy. The upper cone has a scoop, of which the horizontal section 
has the shape of a sector of a circle. The machine is fixed on a vertical 
spindle, by which it is revolved. It is placed so that the scoop at each revo- 
lution cuts through the stream of ore to be sampled. The ore thus caught 
slides down into the lower cone and thence through a spout to a receiving 
bin. The upper cone, which carries the scoop, serves simply to prevent any 
stray pieces of ore from falling into the lower one. It is preferable to 
present the ore to the scoop by an inclined chute, say at 58°, rather than 
as a stream falling vertically. The frequency of the samples depends upon 
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e niimber of revolutions of the scoop, 10 r. p. m. being an ordinary specil. 

e of the sample depends upon the relation of the acoop to the circle 

[ which it is a sector., e.g., if the diameter of the circle be 24 in. and it be 

aired to cut out one tenth the sector must bo 3-54 in. at the arc. The 

h of the sector, however, must alwayn be four times the diameter of tlie 

t piece of ore. "WTien the ore to be sampled is so fine that it may be 

t down to a small percentage without any further crushing, two samplers 

B eommonly arranged in series, a suitable mixing device being interposed 
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Pigs. 60 ajjd 61, — Elevations of Vezix Automatic Samplee j 
Elevatok Head. 



rween the two. The second sampler thus receives the sample, thoroughly 
mixed, which is cut out by the first. 

The Vezin sampler and its method of installation are shown in the ac- 
aompanying engravings. The machine is snpplied by the F. M. Davis Iron 
IPorkB Co., of Denver, Colo., but can be built in any machine shop from 
rawings which can be obtained from its inventor, H. A. Vezin, of Denver, 

The cost of a machine installed is usually about $200, 
Ammgement of Mechanical Samplers.— The installation of any 
inieal sampling apparatus involve? an elevation of the whole rinantity o 
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P tin in nrtler to fslablish u fatliag strL-um Id which the machine mi 
inU-Tiiwiil. If Ihe ore hae to be crushed it will in all probabihty h 

[ \te misril iiiivwHy iii order to KToeii il, A belt and bucket elevator 
ineaiiK usually employed. With such an arrangement the elevation 
KOod many Ions of ore to a considerable height is by no means expe 
Kven iimier iiufuvnrahle conditions the cost of elevation to 30 ft. ougl 
to cxcLid 0-5c. per ton. In the ease of a zinc ore already crushed ver; 





Figs 5i and 61 — I li ^ \tio\ i\D Pi k\ Showing Aeeangemen' 

A EZI\ VlTOMVIK. SVMPTJllh IN DUPLICATE. 

an automatic samphn,; =\etim would conM«t simply of a belt and t 
elevator and the eiittinp out machines Howtver, unless it were neci 
(o elevate the ore to storage bins or for some other purpose in whic 
samplinf: proceat intLriened menh as an incident, the cost of sam 
mechanicallv in the manner suggested a\>n\e might be more than tt 
sampling b\ hind as the wagons were unloaded. If on the other han 
on had tn he ele\atc(! anvwa\ ^o that the eo-^t of handling the ore 



ated in tiie following offer for blende concentrates, which was made by 
jitelgian bmelter in the early part of 1903. A basis price of 132-5 fr. per 
no kg. of ore ex ship at Antwerp, when spelter is £18 per 1,000 kg. at 
kdon, is established. For each unit of zinc below 50 there is a deduction 
■ 5 fr. ; for each unit above 50 the price is increased 4 fr.; consequently 
m value of ore assaying 60% Zn would be 178-50 fr. when spelter is at 
IB, London. An addition or deduction of 12'50 fr. is made to or from 
n basis price for each variation of £1 in the price of spelter. Thus an ore 
laying 50% Zn would be worth 130 fr. at £17, while an ore assaying 
Kb Zn would be worth 160 fr. The London quotation of spelter in 
lunds sterling per 3,340 lb. is divided by 1,015 to obtain the equivalent 
Br 1,000 kg. For a unit of iron in excess of 4% a deduction of 3 fr. is 
iide from the value of the ore; for each unit in excess of 5% the deduction 
tg fr. Such contracts involve naturally the cost of smelting and the loss 
itreatment, hut it is extremely difficult to formulate them so that they 
Hi be equally fair to both parties in all fluctuations of the price of metal 
id variations in the grade of the ore. 

[The effect of the varying factors which determine the value of an ore is 
■owed for in numerous formulse, which greatly simplify the calculation. 
Bese formuhe represent algebraically the percentage of zinc in the ore, the 
Be in smelting, the market price of spelter at London. Breslau or St. Louis 
td the cost Qf carrisge od ore, smelting and the smelter's profit. Some of 
Iffie formidie are analyzed as follows : 
VI. Buyers of zinc ore in Antwerp often use the formula 
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= value of ore in francs per 1,000 kg, 

= loss in treatment expressed decimally 
= price of spelter in franca per 100 kg. 
= cost of carriage and smelting, and smelter' 
referred to as the " returning charge." 



fractionally. 



I 



k 



If the price of spelter be £18 at London and exchange 35-20, P will be 
:-68. Assuming T— 50, Lr^O-SO, and S=60 fr., the value of an ore assay- 
ing 50% Zn would be 108-72 fr. per metric ton ex ship at Antwerp, 

This formula introduces the number of units of zinc recoverable in emelt- 
ig the ore, represented by the expression T— TL, which is equivalent to 
■8 T. The market price of spelter is represented by the expression 
■3-50, in which P is the equivalent in francs per 100 kg. of the London 
price quoted in poimds sterling per 3,240 lb.: a deduction of 2-50 fr. per 
TOO kg. is made to cover freight on spelter from the works, commisaioi 
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dU contain as much as 1% of water if they have been exposed to' 
atmosphere for any considerable length of time. The moiature sample 
* Bfaould be taken immediately after the weighing of (he ore. A grab samplt 
IB made to answer for this purpose. The method is conceded to be inaccu- 
rate, but by common agreement it is accepted, 

A rather large sample should be taken for moisture determination, li 
should be at least sufficient to permit two portions of 60 oz, each to be j 
weighed out, and preferably two of 100 oz. each. By the metric systaa, 
1 or 2 kg. are convenient weights. The sample should be put into a tin cao, 
with closely fitting cover, immediately upon taking it and should not be 
exposed until it is to be weighed out. 

The scales commonly used are the Fairbanks or Howe, specially made for 
this purpose, which are graduated in ounces and half ounces, or ounces and 
twentieths, and enable the percentage to be read directly. The kind gradu- 
ated in ounces and twentieths reads to 0-1% when SO oz. are weighed out; 
it costs $15. An excellent balance for moisture determinations, and 
other experimental work in a metallurgical laboratory, is the Troemmer 
solution scale, costing $17, which is graduated to grams, weighs up to 30 
kg., and is extremely accurate. 

The moisture samples haiing been weighed out (they should be made la 
duplicate) are driod in a sheet iron closet, heated by steam, or in any cod* 
Tenient manner, in which a constant temperature of 100° C. can be main- 
tained. The closet should have shelves on which the pans containing the 
samples can be placed. In order to facilitate the drying, the samples should 
be stirred with a spatula from time to time. The complete elimination of 
moisture can be determined bv holding a cold watch glass over the sample 
for a moment or two; the absence of condensed vapor will indicate that the 
ore has ceased to give off any and is dry. The sample is then to he removed 
and weighed again. The percentage of moisture in the original ore will be 
calculated from the loss of weight. 

In determining the moisture of lump ore the latter should be broken up 
on the bucking plate to about pea size, before weighing out the sample to 
be dried. 

Oee Sampling in EFROPE.^Zinc ore from Sardinia, Spain, Algeria and 
elsewhere is received at Antwerp chiefly in steamships of 3.500 to 3,000 tons 
cargo capacity. Having been generally calcined (if calamine) or roasted 
(if blende) at the mines where it was produced, it arrives at Antwerp in 
the condition of fines. It is unloaded into railway cars on the wharf, 
whence it is despatched directly to Li^ge, Stolberg and elsewhere. The 
method of discharging cargoes is crude. The ore is hoisted from the ship's 
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lid in bags or baskets, whitli art- weighed suparatuly by mt.'ans of beam 
ales. The railway wagons carry about 10.000 kg. each and a baeket of 
e weighs about 50 kg. Generally eight baskets per wagon, or one in 35, 
e reserved as a sample, the sample basket being chosen at random by agree- 
lent of the representativos of the buyer and seller, or more commonly the 
•nt to whom both parties have entrusted tlieir interests in this part of the 
The sample baskets are carried to a shed, where their contents 
e mixed, quartered down and divided into three parts for analysis in the 
iual manner. Settlements are made in Antwerp on that basis. ^_ 

Valuation of Zinc Oreg. ^^| 

There are various formulffi employed by European smelters to determine 
B value of zinc ore, all of them being based on the London quotation for 
jwlter, the tenor of zinc in the ore, the loss of zinc in smulting and the 
wt of carriage and smelting. The factors assumed to represfnt loss in 
reatment and cost of treatment are of course arbitrary, and vary according 
o the character of the ore and requirements of individual smelters. The 
price of zinc at Antwerp, Liege, Hamburg, Breslau and elsewhere is gov- 
Bmed by the London market. The price of zinc at London is accepted as 
eported in the "London Commercial Report" of the Public Ledger, or other- 
G may he agreed, the average price of the month of the ship's arrival 
«ing commonly taken. The terms of settlement are also a matter of mutual 
greement, but the buyers generally offer 80% of the value of the consign- 
ment on ship's arrival, and the remainder after agreement of weights, assays 
and the basis price of spelter. 

In the United States there is comparatively little ore sold by the use of 
formulae which introduce all the factors affecting the value of the mineral, 
hut there is an increasing tendency toward the adoption of that method. 
Whether the transactions are based on an arbitrary bid or on a sliding scale, 
however, the governing factor is the price of prime Western spelter at St. 
T^uis. 

The determination of the value of zinc ore by means of a formula which 
^constitutes an automatic sliding scale, based on the tenor of zinc in the ore 
ind its value in that crude form, is by all means the fairest and generally 
the most satisfactory mcthocl to both seller and buyer. 
Custom op the Joplin District. — In the Joplin district of the United 
k^tates the buying and selling of ore is customarily effected by weekly t 

The old method of completing these is still in use to a considerable i 
l^oit. The smelters who consume the Joplin ores have agents in the 5 




08 ri{oi)Li:rio\ ash I'uoi-iiiiriKs of zinc. 

An analysis of this fonnula shows it to be leas complicated than appean 
vt first sight. Thu i-siircssion (T — l)-f-(100 — C) gives the percentage of 
zinc in the calcincJ ore, on which the value of the metal is calculated and 
againet which the smelting charge is deducted. The smelter receives an al- 
lowance of one unit and pays for only 80% of the remainder, which allows 
for the diffcroncf in loss between ores of different grades and leaves besides 
a certain marf,'in of profit. It is proper to make a fixed deduction from the 
IjondoQ price ralhcr than a percentage deduction, inasmuch as the freight 
charges at least remain constant, irrespective of the selling price. The 
value having been calculated on the calcined ore the result must be reduced 
to terms of raw ore by considering the relation between the weight of the 
raw and calcined ore, which is done by introducing the factor W. 

V, In Upper Silesia calamine used to be bought by the formula^ 



V = value of ore per 100 kg. 

F = price of einc at Breslau iier 100 kg. less 0'5 mark. 

T = units of Eino in ore. 

If spelter be worth 32'G marks per 100 kg, at Breslau, which ie equivalent 
to approximately £18 per 2,240 lb, at London, the value of an ore assayhig 
20% Zn would be [(20X32-1XO-OC)—101]-^100— 3-237 marks per metric 
centner^32-27 marks per metric ton=¥6-97 per 2,000 lb. Similarly, tbe 
value of an ore assaying 10% Zn would be 1-109 marks per centner= 
11-09 marks per metric ton=$240 per 2,000 lb. 

In the ease of blende a deduction of 7-5 marks per metric ton— $1-63 
per 3,000 lb. is made to cover the cost of roasting. 

VI. A contract for blende concentrates produced in Joplin, Mo., assay- 
ing about 60% Zn and not more than 2% Fe was effected in November, 
1899, on the following basis, f. o. h. mines : 

V— [16TX(P— 0-20)]-S 
in which 



= value of ore in dollars and centB per 2,000 Ib. 
= units of sine in ore. 



In this formula the factor IG represents the product of the number of 
pounds in a unit, namely 30, by the assumed percentage of recovery of 
zinc namely 0-80. The factor S varied within certain limits, accordj 

' Kosmatin, Otiei'si^blcslftt, selo Land iii 



1 eirectea in Wovember, 
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i value of spelter and also whatever percentage of iron there might be in 

^ ore over 2%. P — 0-20 represented the value of spelter at the works in 

TbiB formula ie substantially the same as No. 1. 

A schedule to determine the price of orej known as the Paxton 

!, was adopted in 1899 by the Missouri and Kansas Zinc Miners' Asso- 

m, which corresponded to the formula 



V=700 P 



a per pound. 



s if the price of spelter were 6c. per lb., the price of ore would be $43" 

r ton; with spelter at 5c. per lb. ore would be $35, and so on. This 

was quite impractical, inasmuch as it made the value of' zinc in 

e bear a constant relation to the value of the marketable metal, while no 

K)unt was taken of the fact that the cost of smelting remains unaffected 

r fluctuations in the value of the metal, wherefore its proportion in the 

t of production increages as the cost of the ore goes down. For example, 

3 cost of carriage, smelting, etc., be $10 per ton of ore and 80% of 

; sine be recovered, 8,000 lb. of 607o ore will yield 960 lb. of metal, 

bich at 6c. per lb. would be worth $57-60. The cost of production if the 

e were bought according to the schedule of the Miners' Association would 

B $42 for ore, plus $10 for freight and smelting, a total of $52.' If the 

^rice of spelter were 5c. per lb. the value of the product would be $48 and 

the cost $35+$10=$45. If the price were 4c. per lb. the value of the 

product would be $3840 and the cost $28-f-$10^$38. Consequently, the 

smelter who had made a profit of $5-60 per ton of ore when spelter was 

worth 6c. would make only 40c. with spelter at 4c., and at a lower price 

would suffer a loss. Such a schedule to determine the price of ore is 

obviously unscientific ; after a few months of trial the Missouri and Kansas: 

Miners' Association was compelled to abandon it. 

The formula, V^TOO P, determined only the value of ore assaying G0% 
Zn. For ores of other grades, $1 per ton was added or deducted for 
each unit of zinc above or below BO, but when the tenor in zinc fell below 
B3% a deduction of $1'50 was made. Iron and lead were each penalized 
$1 per unit in excess of 1%. up to 4% Fe and 3% Pb. 

VIII. The Paxton schedule of 1899 was subsequently modified by ita 
author. .\s a matter of interest, the revised schedule submitted by George 
^Th*ae QgureH are merely Illustrative and are not to be taken 8b repreat 
coat of smelting or recovery of metal Id MlBsonrl anil Ktmm 
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Kb. Paxton, of Joplio, Mo., uiid^r date Uarch 22, 1900, is herewith pT& 
■■eoted. This schedule was intended for clean, merchantable blende, tree 
■;from iron, lead or excess of moisture. According to Mr. Paiton, it is based 
loD the actual cost of smelting the various grades of ore, with the addition 
I of a smaU profit to the smelter. The price of spelter at St. Louis, Ho., ii 
twBumed as the basis. 

I Lead and iron in the ore were penalized as follows: For each unit of 
I lead, 25 lb, were to be deducted from the weight of the ore — i.e., if 2,000 lb, 
I of ore assajing 1% Pb were offered for sale, the smelter would pay for 
I only 1,975 lb. according to the above schedule. For 1% Fe 45 lb. were 
I deducted, and for each unit in excess of 1% 5.t lb. additional. An ore as- 
I saying &% Fe would therefore be taxed 320 lb. A special contract waa 
I required for ore assajing more than 6% Fe. 

[ The prices established by this schedule are considerablj below those which 
have prevailed in the Joplin district during a good deal of the time since 
its publication. The recent practice in buying ore there has been to make 
a certain basis price for the grade assaying 60fo Zn and pay for hi^er 
or lower grades at an advance or deduction of $1 per unit. The basis price 
varies according to the price of spelter, the competition among the smelteiB 
and other fluctuating conditions. 

IX. A formula used in 1000 by Kansas and Missouri smelters for, 
purchase of Joplin ore was 

V=(16TXP)— S 
in which 

V = value of ore per 2.000 lb. 

T = units of zinc in ore. 

P = value of zinc per pound at St. Louis. 

B = returning charge. 

The returning charge included coat of carting, freight, smelting and com- 
missions, lumped at $10-oO, and the smelter's profit. The latter was made 
equivalent to 100 P on ore assaying 60% Zn or upward, and 100 P+[_VI 
PX(60 — T)] on lower grade ore. Consequently, with spelter at 4c. the 
smeher would reckon a profit of $4 per ton on 60% ore and *4-f ($0-40X10) 
— $8 per ton on 50% ore.' 

This formula is substantially the same as Nos. 1, 2o, 3 and 6. A recov- 
ery of 80% of the zinc in the ore is reckoned and on that basis the assay 
in units multiplied by Ifi gives the number of pounds of zinc to be paid for. 
The necessary discount from the St. Louis value of the metal is included in 
the returning charge. The greater margin demanded by the smett^^^he 

■W. Oporei' WnplnR, Edb, * Mtn. Jmipn . .Toly 14, IBOft. t 



leiceiB 




^1 SAMPLING AND VALUATION OK ORES. 


■ 


1 


■^ P„^„ ™„OL. OF ^»C OHE P, 


CEa. 






Fri««r 


































iRtWr 


































!j^ 


50% 


51% 


62% 


53% 


64% 


55% 


56% 


57% 


»% 


66% 


60% 


61% 


62% 


63% 


84% 


65% 


;-oo 


7 30 


S2S 


0-06 


9;84 


iii^ 


1V40 


2^18 


~ 


^. 


M5a 


630 


5;78 


~^ 


16-74 


17;22 


17-70 








S 


59 


Q>3S 




10-97 




3-58 


3-35 


i4;ii 


1404 








8;70 


i7;ic 












8 


90 






11.32 






3-73 


















IS-64 


•15 


f 


40 


t 


?1 




io;b 




I2-4Q 




4-13 










7-W 




18-OC 


18^60 


19^U 


















I2-80 


3;69 


4-B2 


is;3; 


16;I8 






T5i 


8;04 


18:6£ 


19;0£ 


ie^58 




i 


W 


C 




o^es 




12-38 


13;2 












46 










20-05 


•30 


C 


» 


IC 


15 




1 8 


•> 3 






5-30 








84t 






10 91 


20 32 


;35 












1 21 






482 


5 89 


16 56 


17 43 


8 31 


18 8^ 




19 91 


20 4£ 


20 99 
















3 43 


14 32 




18 09 


18 97 


17 86 


8 74 


19 28 


9 83 


20 37 




2141 


■46 


c 








ires 




13 79 14 68 




















2193 


-50 










2;3S 


1 ic 






5Bfl 








tb 


;S5 
















15 41 


6 31 
























14 84 


15 Tt 














1 


40 






i3;2t 


1 2i 


15 It 














■70 




70 


i: 


'f 




51 




16 51 












•75 














15 er 


16 85 












'80 




3C 










16 2; 
















2 


K 


; 


» 


i4;h 


M 






8fl( 












■90 


! 




; 


9 








1 9 


89f 


•^00 










■95 
















833 




■OS! 




















is-sf 






















; 


sc 


1' 


8 




* 


18ni]19 06'n)ll 












■10 






15 












22 fi 








■IS 
























4 7C 
























50C 


laio 


17 2i 




19 4 |2(5- 


21 b-^ 












30 




8 41 






19 "0 89 




r'' 


'4 








35 












J 2 




























2" '; 


39>. 










45 


fl2( 






90 




21 B9 


^3 1; 




25 4 






3 


50 




% 


10 It 




21 18 


1 ■) 




24 W 


;>5B 








90 


1( 


S2' 


19 41 


31 ]{ 


"l Si 


-JO 24 2( 


5 4/ 


"ne 






































21 fl 




23 81 


"51 










■ 75 










22 » 


24 1 


254 




















"3 21 


24 54 


25 7S 












SIK 




1 1! 






24 90 


26 K 










90 


S0( 


20 1; 




■'2 7: 




26 2- 


26 54 










BS 












25 63 


















2'>1( 




24 71 


26 00 












esc 




2J42 


23 74 




20 36 


27 6H 










20 It 


14; 


22 7J 


240 




26 72 


28 05 








IB 










■'5 7i 


27 09 




















■jeu 


^7 46 


28 81 








2S 


2 OC 


23) 


23 7: 


25 0( 




2 82 


291 






1 criiss s 


30 


2 31 






"BU 




-SIB 










35 












8 5 












22 2( 


3(,i 


25 o; 


si 


J^ 


29 28 


Ji r 






'J 


50 




23 81 


















SS 




























23 4n 










70 










73 


















(02 




24 t 








U9 






























■--Qehai, 






90 


05 


25 SO 


27 37 28 










2eio 


27flSl>9 










25 40 










20 


26 I 






3 


25 


2 Oil 






5 




















19 


40 


27 9( 






66 




28'^ 






13 


,,S 








^50 60 


L ^ 



ruoDurnux ami i-hoj-KHTiLS of zikc. 

PAXTON SCHEDULE OF ZINC ORE PIUCES iConiiniKj). 

% 52% &3% IA% as% 66% B7% 68% 59% 6J% 61% 6^% 61% 6IS|«» 



I 20-70 31 
i 300«31 
I 30 3U3: 



10 3220 3301 3901 



I 



37-31 SO-02 40-72 42*42 44-13 40 -83 4G-87 47-8! 



case of the low grade ore compensates for the increased cost of treatment 
and lower recovery of metal from it. 

Value of Lf-ad and Silveh BEAniso Zinc Ores. — In graieral the pr»- 

enee of lead in a zinc ore detracts from its value, since the cost of smelting 
is likely to be increased by the more rapid destruction of retorts (and 
sequent greater loss of zinc), while the quality of the spelter produced is 
deteriorated by the lead which distils over with the zinc, and its value per 
pound is lessened to an extent which is not offset by the increase in the 
weight of metal produced. For those reasons a penalty is frequently im- 
posed on lead in ore when it exceeds a stipulated limit, which in Kansas Is 
Bometimcs fixed at 1%, the penalty being generally 50c.@$l per unit for 
lead in excess of that amount. A penalty of $1 per unit is much too hi^, 
the extra cost entailed upon the smelter by a lead content in the ore bang 
ordinarily a good deal less than that. Frequently lead is not taxed at all 
The smelters of Belgium distil regularly mixtures of ore which are rather 
high in lead and recover a portion of that metal by jigging the residues 
drawn from the retorts and smelting the concentrate, whereby silver is re- 
covered together with the lead. In the purchase of such ores the smelter 
of course reckons upon the value of the lead and silver recoverable, minus 
the additional cost of the process, and makes his price accordingly. 

Deduction in Value on Account of iRON.^Westem smelters generally 
deduct $1 per unit (sometimes only 50c,) of iron in eJtcess of a certain limit, 
which is fixed variously at 1% or 2%. In the JopSin district an ore con- 
taining 5% Fc and upward is marketed with more or leas difficulty, the 
smelters generally preferring the ores of higher grade and purity. In 
Europe, where no ore so clean a.s that of Joplin is available, mixtures con- 
taining 5% to lO^Jj Fe+Mn are habitually smelted. Manganese plays the 
same part in zinc smelting that iron docs, and the units of manganese shown 
by assay are added to the units of iron in computing the vahie of an ore. 



8AMFUKG AND VALUATION OF 0Rj;8. 

iCONCLuaiON. — Besides the contents of the ore in zine, lead, silver, iron, 
inganese and other valuahle or deleterious elements, numerous other fac- 
ia enter into consideration in determining its value. The smeltor aims for 
s nietaJlurgical reasons to treat a product of a certain uniform eom- 
ition, which must generally be prepared hy making a mixture of various 
Competition may necessitate that he has to pay a comparatively high 
e for the scarce, high grade material, wherefore he will eelieme to recouji 
self hy buying the more plentiful, inferior ores at a reJatively low price. 
e average cost at which he is able to secure his desired mixture will form 
the basis of his calculations. 

The actual cost of smelting is determined by the experience in treating 
the mixtures which are regularly distilled. It varies naturally from time 
to time according to the wages for labor, cost of coal, and other conditions. 
In the cost of smelting, all such general charges as taxes, insurance, and the 
expense of administering the business must be included. Furthermore, 
there must be an allowance for amortization of the cost of the works, which 
will not last indefinitely without replacement of their parts at various inter- 
vals. The smelter expects to realize a profit over and above the cost of the 
ore and the expense of smelting it, including all charges, which will be a 
fair return upon the money invested in the business, and he looks for a 
ebain which will be sufficiently large to reimburse him for the numerous 
s that must be taken in this, as in any other manufacturing enterprise. 
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In Kansas 

Id Silesia 11, : 

In Tssmanla 2: 

in WbIcb 

ia Westphalia 

Resouccea ot Belgium 

RhenlBb PruasTa . 

I'nlted StateB '..'.'.'.'.".'.'.'! 

Westphalia 

Cockerlll, A. E 21, 

Cockle Creek smellerj. N. 8. W 2; 

CoelBcleni; of expansion of xlnc i; 

Coke, coat In Tasmania 21 

ColllnBTllle. 111., Bmeltlng norka at. 38. ' 

CoUlnavllle Zinc Co. : 

Col. Sellers mine. LesdvUle, Colo 11 

Cologne, average price of spelter at. . . I 

Colorado, production of «lne ore ' 

Zinc deposlta ot 45, 178. II 

Colorado Zinc Co 181, 2' 

Columbia mine, Ky II 

Combinations to regulate price of 

apelter 7 ......88. I 

Cnrnpagnle Frsncalse den Mines du 

Cnmpagnle Roysle Aslurletine drs Mines 





Ore areBslDg In Oermony, . 

Ore sampllDR 

Ore sorting 

ProduolDB speLter In aUeslg 

Prodiidng zlnp ore at Joplln, Mo. 

Rooflng 

Sbaft BlnUng at Japlin. Mo 

fhneltlng 

^lalllDB ore 

CrttftB. on bolllnB poliitof Vine! ! I ! ! ! ! 
Crawford. Inrentnr of EBlvnnlslng. . . 

Creede, Colo., ilnc ore 70 

CHlh, deflnltl™ of 

Cnmatedt and Rlnmsnn 

CrasberB 

CnnUti« of ore 235 

Deyec recialred^for ore eampUiig. . 




I'lutii^ down o( ore umpleB 2BS 

Cyanide iiromas of gold eitractlun. ... Btt 
Vbancur of itnr rwiuired In Hu 

o 

I'una. on nomenL-lature of ilDc ores... 170 

Uanlelt. on Ignition point ot kIdc 13S 

on melting point of line i:t4 

lUuphiny, zinc depoallH of 211 

HarldhQUe, Sllesin 6, 10 

IWvlot. Ijuinies S80 

liavlB. F. IL. Icon Worka, DeDver, 

l.'olo. 2B9 

liebydratlon of dnc cblorlde 1B4 

KInc sDlphate 104 

Uelacb. Austria, line smeltery at 6 

I>elawBre Metal Kefining Co 21 

Delta metal 115, UB 

Dementipfe melbod ot line asBay lOS 

Uenbigbshlre. zinc mlnea of 221 

Denver. Colo., magnetic sniaratlon at. STB 

Denrlz-Hxewcaw-l'omerBDoIf i.'o..20, 36, 22G 

DeallTerlBBtlon of lead 147 

CoDsomptlon of zinc In 40 

Vae ot line In SO 

Determination o( cadmium Ill 

Iron 115 

Lead 112 

Lime lis 

MoSure \a.' ore!.'.' .' .'.'.".'.'.'.'.'.'.'.'.'.'. 301 

flulpbur 121 

SnlphurouB acid In gas 130 

Value ot zinc ore 303 

Derllle. on boiling point iif zinc 134 

on reduction of line oilde I5B 

Dlamaenetlc minerals 2eB 

Dick, on reduction of zinc oilde 169 

Dilliager. Bergratb B, 8 

IHllwyn & Co 19 

DlincoslouB of nh(>eC zim- M, Gl 

Dioacorldea mentions eadmla 1 

DlBgnclatloD, bent of 13S 

Distillation furnaces (see FumaceB). 

niatlllatlon of zinc IBT 

Doellacb. AoaCria. sine smeltery at. ■ . • 

Etambrowa. Russia, zinc worka 20, SO 

Donoeramarck. Count Henckel vod..10, 18 

Dony, Daniel 4, 50 

Dortmund. Qermany, zinc works 19 

Drewfion'B metbod of assaying zinc dust 129 

nrlnker, H. a 195 

Dryer, Edison 277 

Duloucbet. Monsieur IB 

Ductility of xlne 185 

Dumont eC FrSres IT 

Durability of sine 1ST 

Duraad, Prof, on aluminum Kinc alt^B 142 

Dust, line (see also Zinc Dust) 57. 60 

ProdnctiiHi of 72 

Dynevor Spelter Co,' .'.'.'.'.".*.*!.'.""! " 19 

E 

Edelmann. on BeparBtion ot lead and 

zinc !^ 131) 

E]des. Milter & Heald Zinc Co 21, 

198. 199, 200 

Edgar Zinc Co 21, 47 

Edison dryer 27T 

Edison eratem of fine crushing 2Tfl 

Elfel district. Germany, zinc mliles 214 

El Akhouat mines, Tunis 220 

Electric calamine "O 

ElectrloBl properties of zinc 13fl 
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ulytlc ■*■•; for ilnt' Ill) 

rltloo ot ilDi' cblorlde. . ■ . 1<M 

K. 1H3 

uD Iluunpar d^imtlu vt Kakluckr.. 183 

r.iDB>aoi> ■liid«e tjUem S18 

ISnipU* Xltlc Co 21. 22, 30. 2TS 

Kan, Utrmanjr, ilnc mlD« 318 

ICndlvn b«lu for ore lortliis S4D 

KdkIi. BcUodi. ■mdUns vorlu at. . .6. IT 
KDBlBniI (ier Great Britain). 

KngllBb Crown Huelter Co 19, 23 

Bngliab metbod ol UDetUns S3 

KqulvaleDt iiricM of aprlter 84, BS 

Krblum 133 

Erale BObDiIticbe ZlDkbQcten u. BeTg- 

ban UnellBi'batt IT 

BBcfawcIlM'. Gcrmanr. sine worlu IS 

Eacombrera-VI rubers. Soc. Adco. d'... IT 

Europe, ore umpIiDg In 302 

I'rodurtion ol spelter 71 

Purch»i)e''ot ori in. '.'.'.'.'.'.'.'."'. '.'.'.'. 803 

Zinc ore deposlls of SOT 

hioropeaD ilnr smellers, list ol IT 

KinCla. on maKnetlc Bulphlde of Iran.. 2G9 

BipansloD of zinc 130 

Kxplomtlon uf American line depoalts, 

8rst dates of 179 

BlportH of zinc from Europe TT 

Eximrta of tine ore from Spain 2S0 

from tbe United StalcB TO 

F 

KageB. B. de, on ore depoalU of Tunlt. 22S 

FalrbBDlu' molHtare acalea 302 

Faldlng, F. J 131 

KBunjr coal miDe, 8ll«>ia 8 

Pannr (Vamblltle, filleala IS, 61 

Federal Lead Co., Mo 244 

FedJ^l-Adoum mlncB. Tunis 228 

Ferraris. B.. on magnetic aeparatlon of 

Ferraris magneVic'Be'paValor".'.'.'.*,',*.'.; ! 281 

Ferrate of »lnc 103 

Ferric oilde. tonTerslon to magnetic. . 250 

Ferriferous blende ITa 

Ferrocranlde asaav for lead US 

tor line , 04. 103 

Ferrons carboDste. dissociation of 260 

Ferrogoslarlte 173 

Fire brick, cost In tbe United HUtes. . 4tt 

Fire clay, cost in Belgium 28 

Germany 31 

Silesia 33 

United StBtea 46 

Wales 34 

Finland, Klnc ore fi-om ITS 

Flrket, Ad. 2B, 30 

OD composition of Sardinian zinc are 224 

Flaeaa, on expansion of zinc 136 

Flat Hirer, Mo., ore dreulag practice Bt 251 

Flintshire, zinc mines of 221 

Florahfltte. flllesla 18, 01 

Flnne smeltery, Belgium 6, IT, 23 

Fluid density of line 134 

Fluorides of zinc IflT 

fluorspar deposits of Kentucky 183 

Occurrence with blende 183 

Fuebr. on tise of zinc In lead refining. . 60 

Fobr, on tin In spelter 140 

Formation, beat of 168 

Formula for -valuing Kinc ore 305 

FoidalB zinc mines 220 

Fraeukel. A., on assay of cine dust. . . . 129 

France, character of zinc ore 29 

ConaumpHoQ of line 7T, 78, 80 

Cost ot coal 30 
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Franklin Fur 
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iSinc mlDes 172. 1T8, 1 



N. J., magnetfe 



Frsnkllnlte 

Assay of 

Magnetic Buparatlor 
Frankfurt, average price of apeltet a 
■ sla 18 

character ot blende. 233 



Franihlllte, Slles 



Zinc smelting works . 

rslgbt rates In Bel^um 

un splter in tbe United States I 

on dnc ore. Meiico to Europe 2 

Greece to Antwerp 

St. lAuls to Kansas < 

rench zinc ore. composition of : 

reaenlus' method of assafine Kine 



ahlltte. Silesia, smelter; a 
srllle. Pa., sine mines. 1T5, 



Zinc works . . 
Friedensvllle Zim 
Frldrlchshntte, S 

Rolling Mill . 



FrledrU 



wegen. 



: dreasiiiK practice, 



Magnetic separation 

Fuchs, Ed 

Fuel (see also Coal and Oaa). 

Kinds used by American smelters.. 

Fume collection by bag apparatus 

Funk 00 sulphur and (-arbon in spelter. 

Furmau, H. van F 94, US. 113. 115. 

Furnaces (see also Roasting FurDsces. 
DUtlllatlon Furnaces, etc). 

at Valentln-Cocq., Belgium 









F^%',U*^"- 












Belglui 
retorts 






In dlstlllaUon... 















aleua ore, grade produced a 
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atvanTzed sheet Iron, decay 

Consumption of zinc for. 
Tee of sine chloride Id.. 
Invented by Crawford... 
Use of zinc In 
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Caed for smelting In Kuuas 

LitlKzatloD In the L'altcd Slates. . . 

Gab Iprodncer). c^iwi or 
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SlTcvian I 
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GKirEcnberg mine. SUeala S 

ileorKl, crated :(liic works in WiacoDiln 



I si>eclflc grsTlly of i 



ierman bhvf 

Jermany, average price ot sptlter 

Cost ot coal '. 



rrodnctlon 

Spelter 

Zinc sulphate 
Wagf B o" ■ - " - 



of 212, 208 

Industry of BO 

Smelters nf 18, 19 

Gleache, (ieorg von T 

Glesctie's Erben S. 10. 18, 8S 

Girsrd, Kui.. smelling workK it 21 

Glrard Smelting Co, 21, 22, 47 



adbaeh. Germany, smelting works.. 

Zinc mines 2(11 

asgow, Scotland, dnc works 

auber refers to sine 



Slleala It 

Gold, eyanlde process of sitrsctlng. . 
Gold-ilDc alloys 14< 



Ooslar. Germany, mines near 2 

UaaDfacture of brass 

Zinc vitriol 1 

Gnuyard, O. M.. on magnetic sulphide of 

Iron 2 

Grade of SUeslan ilnc ore 2 

Ore smelted In Belgtiim 

Granada, production of ilnc ore 

Grsnby. Mo., ilnc mines 183. 1ST, 1 

Grand Calumet Mining Co., Canada... 2 

Grandfils and Blnnn 

Graphical purposes, tise of sine for... 1 
Gravimetric determination of sulphur. 1 
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reece. character of zinc o 

Production of line ore. 
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Grid sampler ■.■.■.■.■.".■.', . . .' i 

Grillo, W IB, 

Grinder, sample 

Guerrouma mlnea, Algeria 



Ilalberatadi. average price of spelter a 



namburg, average price ot ape Iter a 
tiammam N'balls mines. Algeria. .. 

Mammets for breaking ore 

Hand-JigghiE, coat of 

Hand-sampling 



irs Jigs 



line deposits of. , 



e aepoglta IBO 



it of milling at Jop- 



Hereua mill. Wis 

Uelena Mining Co.. Mexico. . 

Hemlmorpblte 



Henckel, Count . 
Henckel Hmells al 

Hearliji. Carl 

on ore dressing at Joplln. Mo '. 

Herapath, on Iron in spelter 

neuasebea process ' 

Heycock, on melting point of sine. . . ■ 
Hlmmelfahrt ore dressing works, Sax- 

BobSDQ and Sylvester 

Hofman, H. O (u>- : 

Ilohenlohehlitte. Silesia 
Hollhaugh. .' " - - 

Holland (sec' Netherl'aDdsV. 

Ilolkyn mine. Wales ; 

Hollunder, on ilnc amelting In Carln- 

tbia 

HoUappel, Germany, sine mines '. 

Horn sliver mine, (itah I 

Hoskold. H. D i 

Howard stirrer and press 

magnetic sulphide of Iron.. 



grade of Joplln 




U4rlMi. iDd., imvltlnc worki ar... 
Marlon. Ky.. line mlDm at 



UarklKD WcatfHllBchm Uergwcrksre- 
MannalVt* ' '. '. '. '.'. !'.'.'.'.'.'lV2, 3 

MaBcot. Tom., aliic nUnM 1 

MattblcBwn, on electrical MndDctlvllr 



MatthleHHU * aPKeler Zinc 



,.ai. 42, 
3% 248, 3 
method of doc dcterml- 
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MelllDg point ol xIdc 134 

Mendel^f. periodic claaalflcatluo Df lie- 



Mercury, atomic weight. . 
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UfUIIgMellBoh 

(13. 70, 7T. SO. 8a, i 
Methods of laying sheet cine roofa. , 






UlrbalkowlCi. Hlloila, vmeltPry at 

UlcroacoplvBl InreBtlgatlon of iIdt 

Midland Bmeltlng Co., Kanaas 

Mill of CalDrado Zinc Co.. at DeDver. . I 

N. J. Zinc Co. at Mine Hill : 

Magnetic Heparatliig' at Lohmanna- 

Mlllec, E.'h.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

on assay of cadmium 

Milling, coat nf at Broken Hill : 

Methods In Joplln district I 

Mills, concentrating, arrangement of. . 

Coat In Joplln Sstrict ; 

Mine Hill, N. J., zinc mines 

Magnetic aeparatlon at : 

Mlnera mloeB, Wales : 

Mineral Point, Wis., ilnc mines : 

Mineral Point Zinc Co., Wla 21. 22. 

Mineralogy of ilnc ores ' 



at Lanrlum, Greece S5 

of Poland SB 

Mining poadltlone In Greece 35 

in Joplln district 188. 180 

In New Jersey IBS 

In Tennessee 200 

In Silesia SIS 

In Wisconsin 204 

In Virginia 201. 202 

Mining, cont at Broken Hill 230 

Joplln. Mo 2B2 

Tasmania 231 

HInsterley. England, zinc mines 221 

Missouri, first sine works 15 

Ore dressing practice 24H 

Production of spelter Itt. 74 



Missouri t Kansas Zinc Miners' , 



Mocteiama Copper Co. . . . 
Mob 'a ficale of hardness.. 
Moisture In ore. drtei 
Molybdate assay for 

Monosulpblte of kIdc > 

Mons coal basin. Belgium 

Monieponl. magnetic separattim at S 

Monteponl mines, Sardinia 3 

Monieponl. ilnc smeltery 

Monteponl. Socletft dl IS, 

Monterecchlo mine. Sardinia 2 

Montesuma. Colo., sine mln« at 1 

Montgomeryshire, line deposits of 3 

Uonhelmlte t 

Mosaic gold J 

MoBselman. Dominique G, . 

MosslniEclan copper 

Mossy Creek, Tenn., sine mines 17B, 1: 

Moreanet, line ore deposits 2. 208, 2i 

Morgenroth, Silesia, smeltery at 

Morning Star mine, Arkaneaa II 

Morse, on properties of sine sulphide.. 11 
Moxbam. E. C., on ihic mlnink in Ttr- 

_Blnla SI 

Mover mine, Leadvllle, Colo II 

MoldnerhUtte, Saxony 1 

Munti's metal 58, S». 1< 

Murcla. prodnetlon of sine ore 1 

Zinc deposits 31 

N 



dressing pracUeC at 31 



Nacosarl, S: . _. 

Nails for sheet sine. _ _ 

Nason. F. L., on New Jersey ilnc de- 
,poalts 192, IM 



1 gas (see also Qas). 



Keath, England. 

Neblda mines. Si 

Neodeuba. Kan., smelting works a 



Neuhof mine. Rllesla. . 



dressing works. S 



aeldng point of s 



Neyada, Mo., i 
NeTlIle. on me.. 
Newark, N. J.. : 

New Caledonia, imc ore aeposics :; 

New Jersey, mining condltlona 1 

Production o( ore and spelter. . .IB, 

ao, 74, 1 

Wages In 

Zinc ore 13. 174, 175. 1 

Composition of 1B3, 2S7, 2 

neposltn 178. 1T9. 1 



103. 181, 190, 2 

New Market. Tenn.. ilnc mines 1 

New Mexico, (lie deuoBlta of. .ITS, 179, 1 

New MInera mine. Wales S 

New l^outh Wales, prodnetlon of ^e 



r York as ■ spelter market 

fJiTerage price of apelter si. .S3. SO, 

^ tloD at JopllD 2 

jlaon. Ceo. B 21, 

. abronie 1 

Nle^ellaka. Austrta, zinc works 

NlBseosoD, H 1 

Nltie, a. B. r aT3, 2 

Nomenclature of sine ores 1 

Nordmsrk, Swetlen, occurrence of w bite 

blende 1 

NormahQtte, Slleala 18, 

North American Ore A Metal Co 1 

Northweijtern Ballwajr Station, Blr- 

micghani, England 

Norway, production ol ore 

Nourelle MootaKoe. Belgium, zinc mlaea 2 
Nonvelle Montagne. Soe. Anon, de la.. 6. 
Moselles -Godaull. Prance, xiuc worka 



Oberliauaea, Weaiohalla. toIKdc mill. . , ll> 

OberlahnBieln. ore dreaalne practice at. 25S 
OberBchleaiachen ElnenlMihn Bedarfs 

AktiengeaellBchart 18 

Ogdejisburgb, N, J., zinc mines ISO 

OElau Follfng mtlla. Slleaia 18 

Oker. Oermas;, mlnea near 212 

Old Jim mine, Kentucky 1S2 

OIkasz mlnea, Poland 226 

Ore, amount smelted in Belgium 28 

Average grade smelted in Belgium. . 30 

Grade of Joplln BO 

Price at Joplin SO, 90 

BpeaklBg 231 

Hammera for 238 

Classlfled by grade 16 

Character of American -15 

CompOBltloD of European 29 

t^raMoe '.laa, 242 

DepoaltB of ranadB 205 

Joplln. nature of 1S3 

Mexico ., 205 

Dressing, cost in Joplln district. 
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Broken Hill . 
Frledrichssegen . 

German; 

Iserlolin 

Unlorf 

Nacosarl. Mexico . 
Missouri anr 
MonteponI . 




.Sorting i 

at Ammetierg i 

Endless belts tor 1 

Picking wbies for! '. '. '. I .'.'.' .'s37. 1 
Supplj of American smelters 

of Belgian smelters 

of Uerman smelters 31, 

of 811eslan smeltera 

Sources of 

Value of i 

Valuation of J 

Ores, analysis of 

Orton, Edward',','.".'.*.',*.'.'.*.*.*,*,'.',',! I!;i 

Oruro. Bollvls. wurtzlte found at 1 

OTerpelt, Belgium, smeltlog works at.fl, 
Overpelt, Soe. Anon, den metaux d', . . . 

OuBree. Belgtom. smeltery at 

Oilde of iron, magnetic S 

Oilde of zinc {see also Zinc Oxide) 1 

Manufacture in Europe 

Production and conaumptlon In the 

mited States 81. 

Production In Siieaia 

h; Soc, Anon, de la Viellle 

Value as pigment 

Orychlorlde of zlne 1H9, 1 

Oxygen aa Impurit; In apelter 1 

P 

Packfong l 

Page. K. W., oo aBsar of cadmium J 

Parmertcn. Pa., ameltlbg works. .20, 38. 
Panchot, France, rolling mill 

Paramaenetlc mlneraia S 

Park t'ity, Utah, sine ore at 2 

Parkea procesa of lead deallverizlng. 

Pamell process T 1 

Passaic Zinc Co 

Pascoe Greenfell Sl Bona 

Pattinson proreas of lead desilverizing.. 

Paul Richard mine. SUeaia 

Paulina zinc vorks. Poland 2 

PaulabUtte. Silesia 18. 

Paweck, O.. electrolytic assay of sine. . 1 

Paitoo, Geo. B B 

Pailon acsle of zinc ore prices SOS, 3 

Pellet. H 1 

Penalty lor lead and iron In xlne ore. 

310. 3 

Pennsyirsnis, Bret zinc smelting In 

Natanil gas 44, 

Production of spelter 

Zinc ore deposits of ITS, 170, 1 

Pennsylvania A Lehigh Zinc Co I 

Percy, Dr. John 

on properHes of zloc 1 

on properties of zinc sulphide .. 149, 1 

<m reduction of zinc oxide I 

CO zinc silicates 1 

Periodic elaaslflcatlon of elements ■ ■ ■ ■ 1 

Pennsnganate assay for Inm 1 

for lead 1 

for lime 1 

Permeability, magnetic, of mlneraia S 

Person, on net t'ng point of zinc 1 

Peru, III., smel'Hg works, . .15. 21. S9. 
Peters. K. 1>.. Tr.. « ore crnshins. .33S, J 
PeHenkoTer on westhering of ^c. 




PbUilps. W- B., DO mafBFtIc lepara- 

nilllpprvllle, Belgluin, line miaM 

Ph7*lrml froprrllM of ilnc 

inurd. U. K 

Plckrd A Hulman ■mdting pToccu.... 

PleUns tibiM 

Itcoa Ae Europa mlDM. Spain 

ncdmoot. Italj, line mloM 22a. 

Ill-la rolUntr mill, flilnia 

llEiuniU. lue ot line In 48. 

Viltra, Aimtrla, line warka 

PIttsliure. Kan.. ■iDcJdne'wOTkB'.'.'.'.Vl!, 
31, 38, 39, 40. 

Pitttburg ft St. I.ouU Zinc Co 

Plln; mentiDiis cadmla 

Plueck«r. on masnctlc BURceptlblllt; of 

rocalioatai Flat Tup coal rt^on! '..'.'.'. 
PogglBlp. on solubility o( line aulpbate. 
Purand (aw RubbIb). 

Fonlp«an alnr mlDH, France 

Poaeimr. F.. on or^ deposits o( Lau- 

Potocklachp Berg'U. HUttmTCrwaltimg. . 

Potoal, Mo., line works at 

pDugcI's meibod of cine aasa; 

Prajon, Belgium. ameltlnE works at. .6, 
Prajon. Sar. Anon. Uetallariglgue da. . . 

"PrealdeDt" ■ pamp 

Price of (Bee also CoBt). 

Coal In Illinois 

Khdbbb 

Silesia 

Labor In Silesia 

Sheet ainc 

Speller 9. 1«, 13, :i8, 2K 01. 62, 

ST. 82. SS. 

ZIne ore In Silesia 11, 

Prime, Frederick .'.'.'.'.'.'.'.','.'.','.'.'!!!!! ! 

Prime Western Bpelter Co SI, 

Prime Wenteni spelter, average price of 
Prodoctlon of lead and zinc ore at Jop- 

lln 

Lead hy Bulpblde Corporation 

In Greece 

Spelter (refer also to Stitea and 
Countries) . 

In Silesia WWWWWW'. '.'.'.'. \\ I 
Zinc ore in Canada 

I tall , . '. '. '. '. '. '. '. '. '. '.'.'.'.'.'.'.'.'.'.'.'. '. 
JopIIn. Ho. 

Moresnet 

New Jersey 

New South Wales 

Spain ST. 

Wlsemsln . . .'.'.W'.'.'.W'.'.'.'.'.'.^ 
Properties of sine alloys 

ProTeoee, cine deposits of 

Prus. a., on mBgnetlc separstlon 

Prussia (see Germany). 

Prilhramlte 

I'nebln. Cnla., sine smelting work at. SI, 
Vnlaskl, Va.. smelttng works 20. 

rulllnger, oo action of acids on line! '. 

PurchsBe of ore 

Methods of 

In Europe 

In Joplln dlitrlcl 
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Pyi.ie, conyeralon to macnetle ml-" 

pblde !h 

ProduetloD In SUesIa IT 

Separation from blende SSi 

R 

Rsdelonkau. Silesia, smeltery at 1$ 

Italbl. Austria, nine mines IIS, a» 

Rammelsberg. on speclDc gravity of ainc 1S« 

Itammelsberg mines, aermany 212, tU 

RaOonr A Co Jii 

R'arbou mines, Algeria Uti 

ReekebUtte. Silesia ]& 1411 

Ked zinc ore 17S 

Kedllchkelt mine. Blleala 218, 219 

Redurlbltlty of zinc oxide 16T, ItS 

Reduction material, cinder as II 

Reed, on ore sampling 2M 

lIvBnlng lead, use of zinc In en 

Keflnlng ilnc from lead ISB 

Refractorv material (»ee Fire Clay and 

Fire Brick). 
Regenerative distillation (umaces [see 

aTsoFnmaces) U 

Regnault, on specific heat of zinc IJS 

Hemsen, Prof. Ira IM 

Reocln. Spain, zinc mines of i(», lit 

Reuter. Mai. on asBay of sulphur IM 

Rhelnlach-Naasaulschen A.kt, GeMll- 

RhelnlBUd. smelters of !'!!!!!!! ^ 1 X '. i It 

RbenlBh metbod of smelting 23, JU 

RbenlBh Prussia, coal resources II 

Smelters 19, » 

Zinc deposits S14 

Production ]l 

Rich Hill Mining & Smelting Co 21, H 

RiebarOa. J. W.. on aluminum Hue aI- 

RlchardH. T. W.. on atomic welgbts'^ ! ! 11! 

Kico. Colo., ore dressing IB 
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